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I. REAL PARTY IN INTEREST 

The Real Party in Interest is Monsanto Company, the parent company of assignee 
Monsanto Technology LLC. 



II. RELATED APPEALS AND INTERFERENCES 

There are no appeals or interferences for related cases. However, the following appeals 
have been decided by the Board and involve issues substantially identical to those presented in 
the current appeal: Appeal Nos: 2004-1503 (Ser No. 09/606,808), 2004-1506 (Ser. No. 
09/788,334), 2004-1968 (Ser. No. 10/000,311), 2004-2317 (Ser. No. 09/771,938), 2004-2343 
(Ser. No. 09/772,520); and 2005-0396 (Ser. No. 10/077,589). As with the current case, these 
cases relate to corn plant varieties, share the same Real Party in Interest, and raise many of the 
same issues as the current appeal, but are directed to different corn plant varieties. 

Appeals have also been filed by the Real Party in Interest, but have not yet been decided 
by the Board, in the following cases which involve corn or soybean plant varieties and present 
substantially the same issues as the current appeal: U.S. Patent Application Ser. Nos. 09/702,782, 
09/708,649, 10/310,639, 10/310,661, 10/310,696, 10/310,708, 10/310,716, 10/350,148, 
10/350,156, 10/350,293, 10/352,377, 10/352,386, 10/369,190, 10/369,212, 10/370,027, 
10/370,040, 10/370,274, 10/370,275, 10/370,287, 10/384,174, 10/384,358, 10/384,368, 
10/384,393, 10/819,093, 10/819,104 and 10/820,222. 
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III. STATUS OF CLAIMS 

Claims 1-24 were filed with the case and are currently pending. Claims 1-5, 7-10 and 12- 
14 have been allowed and claims 6, 1 1 and 15-24 finally rejected. A copy of the appealed claims 
is provided in the Claims Appendix. 

IV. STATUS OF AMENDMENTS 

No amendments were made subsequent to the Final Office Action. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The claimed invention at issue relates to male sterile and locus converted plants of variety 
II 13752 and plants possessing the characteristics of variety II 13752. Specification from page 6, 
line 6 to page 7, line 16. The invention further relates to methods of breeding plants of variety 
II 13752 with other corn plants, and Fl hybrid plants produced thereby. Specification from page 
7, line 17 to page 9, line 14. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

(A) Were claims 6, 11, 15-16 and 20 properly rejected under 35 U.S.C. §112, second 
paragraph, as being indefinite for failing to particularly point out the subject matter which 
Appellants regard as the invention? 

(B) Were claims 6, 11, and 15-24 properly rejected under 35 U.S.C. §112, first 
paragraph, as failing to comply with the written description requirement? 

(C) Were claims 6, 11, and 15-24 properly rejected under 35 U.S.C. §112, first 
paragraph, as failing to comply with the enablement requirement? 



25661571.1 



3 



(D) Was claim 1 1 properly rejected under 35 U.S.C. §102 as being anticipated? 

VIL ARGUMENT 

A. The Issues On Appeal Have Been Decided in Appellants 9 Favor by The Board 

On March 31, 2005 the Board of Patent Appeals decided six substantially similar appeals 
brought by the Real Party in Interest: Appeal Nos: 2004-1503 (Ser No. 09/606,808), 2004-1506 
(Ser. No. 09/788,334), 2004-1968 (Ser. No. 10/000,311), 2004-2317 (Ser. No. 09/771,938), 
2004-2343 (Ser. No. 09/772,520); and 2005-0396 (Ser. No. 10/077,589) (collectively "the corn 
variety appeals"). The claims at issue in these cases were substantially identical in scope to 
those of the current case. Each of the prior cases and the current case was examined in the same 
art unit and included essentially identical written description, enablement and indefiniteness 
rejections. 

In the prior appeals all rejections were reversed. The Examiner here has refused to give 
deference to the Board decisions because they were not published and designated binding 
precedent. However, cases presenting the same issues on the same operative facts should be 
examined consistently. All similar rejections raised in the current appeal should therefore be 
reversed for the same reasons presented by the Board in the corn variety appeals, as explained 
below. In addition, Appellants respectfully request that any subsequent decision on this case be 
designated as binding precedent so that additional expenses and waste of resources incurred by 
the Office and Appellants can be avoided in future cases. 
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B. The Claims Are Definite Under 35 U.S.C. §112, Second Paragraph 
1. Rejection of claim 6 

The Action asserts that claim 6 is indefinite for its recitation of "corn plant of claim 2, 
further comprising a nuclear or cytoplasmic gene conferring male sterility" as it is asserted that 
this is inconsistent with claim 2. 

a) The rejection is without merit 

The current claim (1) contains a reference to the parent claims from which it depends, (2) 
contain a further limitation of the main claim, and (3) incorporates all elements of the claim from 
which it depends. The meaning of the claim and relationship with the parent claims is thus not 
unclear and the claim is in proper dependent form pursuant to 37 C.F.R. § 1.75(c). The rejection 
is therefore without merit. 

b) The Board has decided the issue in favor of Appellants 

Applicants note that this rejection has already been decided in Applicants favor by the 
Board of Patent Appeals in a substantively identically worded claim in an application presenting 
the same operative facts. In particular, in Appeal No. 2005-0396, Application No. 10/077,589, 
the same rejection was made and reversed. In that case claim 16 read as follows "16. The corn 
plant of claim 15, further comprising a nuclear or cytoplasmic gene conferring male sterility." 
The Examiner rejected the claim on the same grounds as here, namely that the claim was 
inconsistent with the claim from which it depended. The Board reversed the rejection, stating 
that: 

For example, claim 16 reads on a corn plant capable of expressing all the 
physiological and morphological characteristics of the corn variety 1180580, 
further comprising a nuclear or cytoplasmic gene conferring male sterility. In our 
opinion, the claims reasonably apprise those of skill in the art of their scope. 
Amgen, As set forth in Shatterproof Glass Corp. v. Libbey-Owens Ford Co., 758 
F.2d 613, 624, 225 USPQ 634, 641 (Fed. Cir. 1985), c [i]f the claims, read in the 
light of the specifications, reasonably apprise those skilled in the art both of the 
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utilization and scope of the invention, and if the language is as precise as the 
subject matter permits, the courts can demand no more.' Accordingly we reverse 
the rejection of claims 16 and 27-30 under 35 U.S.C.§ 112, second paragraph. 

Exhibit A at p. 12 

As explained by the Board, the claim is fully definite. In view of the Board's decision on 
this issue, removal of the rejection is respectfully requested. 
2. Rejection of claim 11 

The Action asserts that in claim 1 1 "capable of 5 is indefinite because it is unclear 
whether the plant does or does not express the physiological or morphological traits of the 
claimed variety. 

a) The rejection is without merit 

There is nothing indefinite about the current claim as the terms used have a clear meaning 
in the art and claim breadth is not indefiniteness. One of skill in the art would understand 
whether a corn plant is capable of expressing all of the traits of the claimed corn plant because 
Appellants have provided the corn plant by way of a proffered biological deposit with the ATCC 
and have described the characteristics of this plant. One of skill in the art would therefore 
readily ascertain whether a plant is capable of expressing all of the traits of the claimed variety 
based on direct comparisons under similar growing conditions. Because this standard is readily 
ascertainable, the use of the limitation in the claims is not indefinite. Reversal of the rejection is 
therefore respectfully requested. / 

b) The Board has decided the issue in favor of Appellants 

The same rejection was made and reversed in Appeal No. 2005-0396. In that case claim 
20 read as follows "20. A corn plant regenerated from the tissue culture of claim 17, wherein the 
corn plant is capable of expressing all of the physiological and morphological characteristics of 
the corn variety designated 1180580, wherein a sample of the seed of the corn variety 1180580 
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was deposited under ATCC Accession No. PTA-3224." The Examiner ejected the claim on the 

same grounds as here, namely that because the claims use the term "capable" the claims do "not 

make clear if the plant actually expresses the traits, or when or under what conditions the traits 

are expressed." The Board reversed, explaining that 

To address the examiner's concerns, we find it sufficient to state that if a plant has 
the capacity to express the claimed characteristics it meets the requirement of the 
claim regarding 'capable of,' notwithstanding that due to a particular phase of the 
life cycle the plant is not currently expressing a particular characteristic. 
Alternatively, if a plant is incapable of expressing the claimed characteristics at 
any phase of the life cycle, because it lacks, for example, the 'transcription factor' 
required for expression - such a plant would not meet the requirement of the claim 
regarding "capable of." 

Here, we find the examiner's extremely technical criticism to be a departure from 
the legally correct standard of considering the claimed invention from the 
perspective of one possessing ordinary skill in the art. In our opinion, a person of 
ordinary skill in the art would understand what is claimed. Amgen Inc. v. Chugai 
Pharmaceutical Co., Ltd., 927 F.2d 1200, 1217, 18 USPQ2d 1016, 1030 (Fed. 
Cir. 1991). We find the same to be true for the phrase 'capable of as set forth in 
claims 17 and 20. 

Decision at p. 12. 

In view of the foregoing, reversal of the rejection is respectfully requested. 
3. Rejection of claim 15 

The Action rejects claim 15 as confusing for recitation of "corn plant of claim 2, further 
comprising a transgene" which is said to be inconsistent with claim 2. 
a) The rejection is without merit 

The current claim (1) contains a reference to the parent claims from which it depends, (2) 
contain a further limitation of the main claim, and (3) incorporates all elements of the claim from 
which it depends. The meaning of the claim and relationship with the parent claims is thus not 
unclear and the claim is in proper dependent form pursuant to 37 C.F.R. § 1.75(c). The rejection 
is therefore without merit. 
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b) The Board has decided the issue in favor of Appellants 

The same issue was considered and decided in Applicants favor in Appeal No. 2005- 
0396. In that case, claim 27 read as follows "27. The corn plant of claim 5, further defined as 
having a genome comprising a single locus conversion." The Examiner rejected the claim on the 
same grounds as here, namely that "the examiner finds it unclear whether the plant set forth in 
claim 27 has all the characteristics of the plant set forth in claim 5, from which claim 27 
depends." Exhibit A at p. 12. 

In response to the rejection of this and another claim (16) the Appellants noted that the 

claims simply add a further limitation to the claims from which they depend. The Board 

reversed the examiner and explicitly agreed with Appellants, stating that: 

For example, claim 16 reads on a corn plant capable of expressing all the 
physiological and morphological characteristics of the corn variety 1180580, 
further comprising a nuclear or cytoplasmic gene conferring male sterility. In our 
opinion, the claims reasonably apprise those of skill in the art of their scope. 
Amgen, As set forth in Shatterproof Glass Corp. v. Libbey-Owens Ford Co., 758 
F.2d 613, 624, 225 USPQ 634, 641 (Fed. Cir. 1985), '[i]f the claims, read in the 
light of the specifications, reasonably apprise those skilled in the art both of the 
utilization and scope of the invention, and if the language is as precise as the 
subject matter permits, the courts can demand no more.' 

Exhibit A at p. 12. 

The same issue as presented here has therefore been resolved by the Board in Applicants 
favor. Removal of the rejection is thus respectfully requested. 
4. Rejection of claim 20 

The Action rejects claim 20 as indefinite for recitation of "genetic locus was stably 
inserted into a corn genome" on the basis that it is unclear whether the locus is inserted into the 
plant of claim 20 or another plant. 
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a) The rejection is without merit 

The locus referred to in the claim may or may not have been directly inserted into the 
genome of the claimed plant and this does not render the claim indefinite. For example, the 
locus may have been inserted into a parent of the claimed variety that has been self pollinated to 
produce the claimed plant. Such a plant would therefore not have been directly transformed with 
the locus but the locus would have been created by transformation. That is, loci stably inserted 
into a corn genome are stably inherited and thus the locus need not have been inserted directly 
into the genome of a given single plant of corn variety. As such, the metes and bounds of the 
claim are clear and the claim is not indefinite. 

b) The Board has decided the issue in favor of Appellants 

The position taken has already been rejected by the Board of Patent Appeals in Appeal 

No. 2005-0396. In that case, claim 28 read as follows "28. The corn plant of claim 27, wherein 

the single locus was stably inserted into a corn genome by transformation." The Examiner 

rejected the claim on the same grounds as here, namely that "the recitation does not make clear if 

the genome is that of [the claimed variety] or that of a different corn plant." Exhibit A at p. 13. 

The Board reversed, explaining that 

we agree with appellant (Brief, page 9) 6 [t]he single locus referred to in claim 28 
may or may not have been directly inserted into the genome of the claimed plant.' 
As we understand the claim, and arguments of record, claim 28 presents two 
possibilities: (1) the single locus is directly inserted into the claimed plant and 
nothing further need be done; or (2) the single locus is directly inserted into a 
different plant, which is then used to transfer the single locus to the claimed plant 
through use of the plant breeding technique known as backcrossing. 

In our opinion, the claim reasonably apprises those of skill in the art of its scope. 
Amgen. Accordingly, we reverse the rejection of claim 28 under 35 

Exhibit A at p. 13-14. 
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The issue has therefore been resolved by the Board. Removal of the rejection is thus 
respectfully requested. 

C. The Claims Satisfy the Written Description Requirement of 35 U.S.C. §112, First 
Paragraph 

The Examiner rejected claims 6, 1 1 and 15-24 under 35 U.S.C. §112, first paragraph, as 
containing subject matter which was not described in the specification in such a way as to 
convey that Appellants were in possession of the claimed invention. For example, it was 
asserted that plant of the claimed variety comprising a male sterility gene or locus conversion, Fl 
hybrid progeny of the claimed variety and methods of plant breeding comprising use of the 
claimed variety as starting material lack written description. The rejections should be reversed 
as set forth below. 

1. The Issues Raised Have Been Decided by The Board in Appellants' Favor 

All of the rejections made have specifically been considered and reversed by the Board of 
Patent Appeals on the same operative facts as presented in the current case. The rejections 
should be reversed by the Board on the same basis, as explained below. 

In the corn variety appeals, for example, rejections were raised based on an alleged lack 
of written description for Fl hybrid plants. Specifically, it was alleged that the Fl hybrid plants 
only have as half of their genome the genome of the parent plant of interest and the remaining 
portion was not described, and thus written description is lacking, despite the fact that no 
particular second hybrid plant is required by the method. See Board Decision in Appeal No. 
2005-0396 at p. 17. The Board rejected this reasoning, noting that, as here, the claims require no 
particular second parent of the Fl hybrid and the Examiner had already acknowledged written 
description for the variety of interest. The Board thus held that "there can be no doubt that the 
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specification provides and adequate written description of this corn variety." Id. at p. 18. As 
explained by the Board, the purpose of the written description requirement is to "ensure that the 
right of the scope to exclude, as set forth in the claims does not overreach the scope of the 
inventor's contribution to the field of art as described in the patent specification." Id. Here, as in 
the corn variety appeals, the claimed Fl hybrid plants must have the admittedly described variety 
of interest as one parent, and thus the claims do not overreach the scope of the inventor's 
contribution and are fully described. 

The dispositive issue was the Board's rejection of the notion that Appellants must define 
every possible second hybrid parent plant and the morphological characteristics of the progeny 
thereof. In particular, the Board stated that it u disagree[d] with the examiner's conclusion (id.) 
that ' [t]he fact that any hybrid plant will inherit half of its alleles from [the variety of interest] 
then does not provide sufficient description of the morphological and physiological 
characteristics expressed by the claimed hybrid plants." Id. 

Methods of plant breeding are similarly described. Essentially identical written 
description rejections were raised by the examiner, for example, in Appeal No. 2005-0396 of 
claims drawn to a method of breeding corn plants comprising use of the variety of interest as 
starting material. In the appeal the Examiner argued that written description is lacking because 
the intermediate plants at each step of the method allegedly must be described to satisfy written 
description and that such plants had not been defined, regardless of the fact that the only starting 
material required by the claims was the variety of interest, which was admittedly fully defined. 
See Id. at p. 12-15. The Board rejected this reasoning, noting that, given the acknowledgement 
of written description for the variety of interest, appellants were also in possession of a method 
of using that plant for crossing with any other plant to produce an inbred plant as set forth in the 
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claims. The Board thus concluded that appellant established with reasonable clarity that they 
were in possession of the invention. In the context of methods of introducing transgenes, the 
Board noted that no evidence was provided to support the rejections or inadequacy of written 
description for the claims. The Board thus reversed the written description rejections. 

The same issues have been presented here on claims of an essentially identical scope and 
thus the rejections should be reversed on the same basis. 

2. The Rejections Are Without Merit 

a) Male Sterile and Locus Converted Plants Are Described 

The Examiner rejected claims directed to plants of variety II 13752 further comprising a 
nuclear or cytoplasmic gene conferring male sterility or a locus conversion of this variety, as 
lacking written description under 35 U.S.C. §112, first paragraph. For example, the Examiner 
appeared to assert that: (1) the characteristics of the claimed plants are unpredictable and/or not 
described, (2) the claims encompass genes that have yet to be discovered, and (3) the sequences 
and/or sources for the numerous examples of loci disclosed in the application have not been 
described. 

(1) The claimed subject matter is not unpredictable and is 
described 

With regard to the first point, it is noted that a "converted (conversion) plant" is defined 
in the specification as "Plants which are developed by a plant breeding technique called 
backcrossing wherein essentially all of the desired morphological and physiological 
characteristics of an inbred are recovered in addition to one or more new trait conferred by the 
genetic locus transferred into the inbred via the backcrossing technique." Therefore, the claimed 
plants comprising a locus conversion possess "essentially all of the desired morphological and 
physiological characteristics of [the locus converted plant]". Similarly, the claims are directed to 
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a corn plant that is capable of expressing all the physiological and morphological characteristics 
of the corn variety II 13752 which is further defined as comprising a nuclear or cytoplasmic gene 
conferring male sterility. The Examiner's comments with regard to various allegedly unknown 
characteristics are thus outside the scope of the claims. With regard to the claimed subject 
matter, Appellants have more than adequately described such a plant that comprises essentially 
all of the desired morphological and physiological characteristics of corn plant II 13752 by way 
of the description and proffered deposit of 1113752 alone, not to mention the additional 
description provided. To hold otherwise would be to limit Appellants to that subject matter 
described ipsis verbis in the specification. This position is expressly contradictory to Federal 
Circuit precedent. In re Gosteli, 872 F.2d 1008, 1012, 10 USPQ2d 1614, 1618 (Fed. Cir. 1989) 
(stating that the written description requirement does not require an applicant to "describe 
exactly the subject matter claimed, [instead] the description must clearly allow persons of 
ordinary skill in the art to recognize that [he or she] invented what is claimed" (citations 
omitted)) . 

(2) The Examiner has applied the written description requirement 
with respect to unclaimed subject matter 

With respect to the Examiner's apparent allegation that the claims encompass genes that 
are not described or have yet to be discovered, it is noted that Appellants do not claim genes. 
The claimed subject matter is the corn variety II 13752 comprising a nuclear or cytoplasmic gene 
conferring male sterility or a locus conversion. Nuclear and cytoplasmic genes conferring male 
sterility and introduction of these genes into corn varieties have been well known for many years 
(see U.S. Patent No. 3,861,709; U.S. Patent No. 3,710,511; U.S. Patent No. 4,654,465; U.S. 
Patent No 5,625,132; U.S. Patent No. 4,727,219; U.S. Patent No. 5,530,191; U.S. Patent No. 
5,689,041; U.S. Patent No. 5,741,684; and U.S. Patent No. 5,684,242). Further, any locus 
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conversion may be introduced into corn variety II 13752 to produce locus conversions. The fact 

that a given gene could be isolated in the future and introduced as a locus conversion is irrelevant 

- the new gene is not claimed per se, a locus conversion of corn plant 1113752 is claimed. 

Under the reasoning of the Examiner, essentially any claim could be read to encompass subject 

matter yet to be invented and therefore not be described. A claim to a corn plant transformed 

with a Bacillus thuringiensis gene would be invalid because it would encompass corn varieties 

yet to be discovered. A claim to a given gene operably linked to a regulatory element would be 

invalid because as yet to be isolated regulatory elements would be encompassed. Nearly any 

biotechnological invention could be viewed this way applying the Examiner's reasoning. 

However, it is not any given locus that is claimed, it is a corn plant of corn variety 1113752 

which comprises a converted locus that has been claimed. 

(3) Appellants have disclosed numerous traits for a locus 

conversion and such traits were well known to those of skill in 
the art 

The Examiner alleged that Appellants have not described the full genus of loci for 
preparation of converted plants. However, numerous such traits were described by Appellants 
and are known in the art. Among just the examples in the specification recited with a publication 
reference or patent number are the following (see specification at pages 29-34): genes conferring 
male sterility (U.S. Patent No. 3,861,709, U.S. Patent No. 3,710,511, U.S. Patent No. 4,654,465, 
U.S. Patent No 5,625,132, and U.S. Patent No. 4,727,219, incorporated by reference); male- 
sterility restorer genes (U.S. Patent Nos. 5,530,191, 5,689,041, 5,741,684, and 5,684,242, 
incorporated by reference); a herbicide resistant EPSPS mutation termed aroA (U.S. Patent 
4,535,060); and a mutant maize gene encoding a protein with amino acid changes at residues 102 
and 106 (PCT Publication WO 97/04103). 
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The locus traits are also described by way of PCT Application Publ. WO 95/06128, 
which was specifically incorporated by reference in the specification. Examples of some of the 
traits described in WO 95/06128, including the corresponding gene and any associated 
phenotype and publication reference given, are as follows: 

the uidA gene from E. Coli encoding P -glucuronidase (GUS) (cells expressing uidA produce a 
blue color when given the appropriate substrate, Jefferson, R.A. 1987. Plant Mol Biol Rep 5: 
387-405); the bar gene from Streptomyces hygroscopicus encoding phosphinothricin 
acetyltransferase (PAT) (cells expressing PAT are resistant to the herbicide Basta, White, J., 
Chang, S.-Y.P., Bibb, M.J., and Bibb, M.J. 1990. Nucl Ac. Research 18: 1062); the lux gene 
from firefly encoding luciferase (cells expressing lux emit light under appropriate assay 
conditions, deWet, J.R., Wood, K.V., DeLuca, M., Helinski, D.R., Subramani, S. 1987. Mol 
Cell Biol. 7: 725-737); the dhfr gene from mouse encoding dihydrofolate reductase (DHFR) 
(cells expressing dhfr are resistant to methotrexate; Eichholtz, D.A., Rogers, S.G., Horsch, R.B., 
Klee, H.J., Hayford, M, Hoffman, N.L., Bradford, S.B., Fink, C, Flick, J., O'Connell, K.M., 
Frayley, R.T. 1987. Somatic Cell Mol Genet. 13: 67-76); the neo gene from E.Coli encoding 
aminoglycoside phosphotransferase (APH) (cells expressing neo are resistant to the 
aminoglycoside antibiotics; Beck, E., Ludwig, G., Auerswald, E.A., Reiss, B., Schaller, H. 
1982. Gene 19: 327-336); the amp gene from E. Coli encoding P-lactamase (cells expressing P- 
lactamase produce a chromogenic compound when given the appropriate substrate; Sutcliffe, 
J.G. 1978. Proc. Nat. Acad. ScL USA 75: 3737-3741); the xylE gene from Ps. putida encoding 
catechol dihydroxygenase (cells expressing xylE produce a chromogenic compound when given 
the appropriate substrate; Zukowsky et al 1983. Proc. Nat. Acad. Sci. USA 80: 1101-1105); 
the R,C1 and B genes from maize encode proteins that regulate anthocyanin biosynthesis in 
maize (Goff, S., Klein, T., Ruth, B., Fromm, M., Cone, K., Radicella, J., Chandler, V. 1990. 
EMBO J.: 2517-2522); the ALS gene from Zea mays encoding acetolactate synthase and 
mutated to confer resistance to sulfonylurea herbicides (cells expressing ALS are resistant to the 
herbicide; Gleen. Yang, L.Y., Gross, P.R., Chen, C.H., Lissis, M. 1992. Plant Molecular 
Biology 18: 1185-1187); the proteinase inhibitor II gene from potato and tomato (plants 
expressing the proteinase inhibitor II gene show increased resistance to insects; potato - Graham, 
J.S., Hall, G., Pearce, G., Ryan, C.A. 1986 Mol. Cell. Biol 2: 1044-1051; tomato - Pearce, G., 
Strydom, D., Johnson, S., Ryan, C.A. 1991. Science 253: 895-898); the Bt gene from Bacillus 
thuringensis berliner 1715 encoding a protein that is toxic to insects (this gene is the coding 
sequence of Bt 884 modified in two regions for improved expression in plants; Vaeck, M., 
Reynaerts, A., Hofte, H., Jansens, S., DeBeuckeleer, M., Dean, C, Aeabeau, M., Van Montagu, 
M., and Leemans, J. 1987. Nature 328: 33-37); the bxn gene from Klebsiella ozaeneae 
encoding a nitrilase enzyme specific for the herbicide bromoxynil (cells expressing this gene are 
resistant to the herbicide bromoxynil; Stalker, D.m., McBride, K.E., and Malyj, L. Science 242: 
419-422, 1988); the WGA-A gene encoding wheat germ agglutinin (expression of the WGA-A 
gene confers resistance to insects; Smith, J. J., Raikhel, N.V. 1989. Plant Mol. Biology 13: 601- 
603); the dapA gene from E. coli encoding dihydrodipicolinate synthase (expression of this gene 
in plant cells produces increased levels of free lysine; Richaud, F., Richaud, C, Rafet, P. and 
Patte, J.C. 1986. J. Bacteriol. 166: 297-300); the Z10 gene encoding a lOkd zein storage 
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protein from maize (expression of this gene in cells alters the quantities of lOkD Zein in the 
cells; Kirihara, J. A., Hunsperger, J.P., Mahoney, W.C., and Messing, J. 1988. Mol Gen. Genet. 
211: 477-484); the Bt gene cloned from Bacillus thuringensis Kurstaki encoding a protein that is 
toxic to insects (the gene is the coding sequence of the cry IA(c) gene modified for improved 
expression in plants - plants expressing this gene are resistant to insects; Hofte, H. and Whiteley, 
H.R., 1989. Microbiological Reviews. 53: 242-255); the ALS gene from Arabidopsis thaliana 
encoding a sulfonylurea herbicide resistant acetolactate synthase enzyme (cells expressing this 
gene are resistant to the herbicide Gleen. Haughn, G.W., Smith, J. 5 Mazur, B. 5 and Somerville, 
C. 1988. Mol. Gen. Genet. 211: 266-271); the dehl gene from Pseudomonas putida encoding 
a dehalogenase enzyme (cells expressing this gene are resistant to the herbicide Dalapon; 
Buchanan- Wollaston, V., Snape, A., and Cannon, F. 1992. Plant Cell Reports 11: 627-631); 
the hygromycin phosphotransferase II gene from E. coli (expression of this gene in cells 
produces resistance to the antibiotic hygromycin. Waldron, C, Murphy, E.B., Roberts, J.L., 
Gustafson, G.D., Armour, S.L., and Malcolm, S.K. Plant Molecular Biology 5: 103-108, 1985); 
the mtlD gene cloned from E. coli (the gene encodes the enzyme mannitoM -phosphate 
dehydrogenase; Lee and Saier, 1983. J. ofBacteriol 153:685); the HVA-1 gene encoding a Late 
Embryogenesis Abundant (LEA) protein (the gene was isolated from barley; Dure, L., Crouch, 
M., Harada, J., Ho, T.-H. D. Mundy, J., Quatrano, R, Thomas, T, and Sung, R., Plant Molecular 
Biology 12: 475-486. 

The foregoing represent just some of the loci that were known as of March 2, 1995; well 
prior to the filing of the instant application. More than 25 regulatory elements were also 
described therein, as were numerous transformation vectors comprising combinations of these 
elements. Appellants could describe many more examples of traits that were well known as of 
the filing date, and would be glad to do so should the Board find it useful. It thus goes without 
saying that numerous traits were more than well known to those of skill in the art as of the filing 
date and were fully described in the specification. 

Techniques for the introduction of converted locus traits by genetic transformation were 
further well known to those of skill in the art. Some of the transformation methods for corn that 
were well known as of the filing date and cited in the specification include the following: 
electroporation (U.S. Patent No. 5,384,253), microprojectile bombardment (U.S. Patent No. 
5,550,318; U.S. Patent No. 5,736,369, U.S. Patent No. 5,538,880; and PCT Publication WO 
95/06128), Agrobacterium-mediated transformation (U.S. Patent No. 5,591,616 and E.P. 
Publication EP672752), direct DNA uptake transformation of protoplasts (Omirulleh et al, 
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1993) and silicon carbide fiber-mediated transformation (U.S. Patent No. 5,302,532 and U.S. 
Patent No. 5,464,765). Introduction of such traits by conventional breeding was also known. In 
fact, this is one of the most fundamental procedures in agricultural science, and it has not been 
alleged that this has not been described. 

Appellants have therefore shown possession of the claimed male sterile plants and locus 
conversions. Both large numbers of male sterility genes and converted locus traits and the 
associated phenotypes were well known to those of skill in the art. The specification itself 
defines a locus converted plant as comprising essentially all of the desired morphological and 
physiological characteristics of the starting non-converted plant, e.g., 1113752. Well more than 
an adequate number of examples have been provided and were known in the art to satisfy written 
description. The state of the art must be considered in the written description determination. As 
such, Appellants respectfully request reversal of the rejection. 

b) Fl Hybrid plants have been fully described 

(1) The claimed hybrid plants share the genetic complement of 
corn variety 1113752 

The Examiner rejected claims directed to Fl hybrid plants and seeds produced with corn 
plant 1113752 as one parent. Appellants have fully described this claimed subject matter in 
compliance with the written description requirement of 35 U.S.C. §112, first paragraph. As set 
forth in the breeding history in the specification, corn plant II 13752 is an inbred corn plant. All 
of the claimed hybrid plants having II 13752 as a parent will therefore contain a copy of the same 
genome as corn plant 1113752. That is, because 1113752 is an inbred corn plant, hybrid corn 
plants derived therefrom will have as half of their genetic material the same genetic contribution 
of corn plant 1113752, save the possibility of the rare spontaneous mutation or undetected 
segregating locus. This entire genetic contribution of corn plant 1113752 is described in the 
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specification by way of the proffered deposit of seed of corn plant II 13752 with the ATCC. See 
Enzo Biochem, Inc. v. Gen-Probe Inc., 296 F.3d 1316, 1330 (Fed. Cir. 2002) (holding that a 
biological deposit constitutes a written description of the deposited material under 35 U.S.C. 
§112, first paragraph). This represents a description of concrete and identifiable structural 
characteristics defining the claimed hybrid plants and distinguishing them from other plants in 
full compliance with the written description requirement. 

The Federal Circuit has noted that such shared identifiable structural features are 
important to the written description requirement. The Regents of The University of California v. 
Eli Lilly and Co., 119 F.3d 1559, 1568; 43 USPQ2d 1398, 1406 (Fed. Cir. 1997) (noting that a 
name alone does not satisfy the written description requirement where "it does not define any 
structural features commonly possessed by members of the genus that distinguish them from 
others. One skilled in the art therefore cannot, as one can do with a fully described genus, 
visualize or recognize the identity of the members of the genus" (emphasis added)). Here, all of 
the members of the claimed genus of hybrids having II 13752 as one parent share the structural 
feature of having the genetic complement of II 13752. One of skill in the art could thus readily 
identify the members of the genus. The written description requirement has, therefore, been fully 
complied with. 

(2) The shared characteristics of the claimed hybrid plants are 
readily identified and described in the specification 

As set forth above, the claimed Fl hybrid plants having II 13752 as one parent will share 
the same genetic complement received from 1113752. This is readily identifiable by genetic 
marker analysis, as described in the specification. The same will be true for any hybrid plant 
having 1113752 as one parent, save for an occasional difference at a locus due to spontaneous 
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genetic rearrangements, which occur at statistically insignificant frequencies in essentially all 
organisms. 

The second plant that is used to make the claimed hybrid plants is irrelevant, as a hybrid 
will be produced any time corn plant II 13752 is crossed with a second plant. That is, any second 
plant capable of reproduction may be used to make the hybrid plant. Appellants cannot therefore 
be said to lack written description for the second genetic complement. This is particularly so 
given that hundreds or even thousands of different inbred corn lines were well known to those of 
skill in the art prior to the filing of the instant application, each of which could be crossed to 
make a hybrid plant within the scope of the claims. This is evidenced by a review of the 
U.S.P.T.O. patent data website, which reveals more than 300 utility patents issued on different 
corn varieties issued prior to the filing date of the current application. Any one of these corn 
plants, or the many hundreds or thousands of other maize plants that were known at the time the 
application was filed, could be used to produce an Fl hybrid plant having corn variety II 13752 
as one parent, and each of these would share the genetic complement of II 13752. 

Written description is reviewed from the perspective of one of skill in the art at the time 
the application is filed. Wang Labs., Inc. v. Toshiba Corp,, 993 F.2d 858, 863 (Fed. Cir. 1993). 
The specification need not disclose what is well-known to those skilled in the art and preferably 
omits what is well-known and already available to the public. In re Buchner, 929 F.2d 660, 661 
(Fed. Cir. 1991). As any second plant may be used to produce the claimed hybrid plants and 
such plants were well known to those of skill in the art, Appellants cannot be said to have not 
been in possession of the second parent plant. The claimed hybrid corn plants have therefore 
been described in compliance with 35 U.S.C. §112, first paragraph. 
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(3) The entire genetic complement of corn variety 1113752 is 
described by way of the proffered deposit of seed 

The Federal Circuit has recently held that a biological deposit may be used to satisfy 
written description for nucleic acids, whether the nucleic acid sequence is set forth in the 
specification or not. Specifically, in Enzo Biochem, Inc. v. Gen-Probe Inc., the patent owner had 
deposited six strains of N. gonorrhoeae and claimed nucleotide sequences hybridizing to the 
nucleic acids of these strains, but the patent application did not set forth the nucleic acid 
sequences of these strains in the specification. 296 F.3d 1316, 1328 (Fed. Cir. 2002). The 
Federal Circuit nonetheless held that "as those bacteria were deposited, their bacterial genome is 
accessible and, under our holding today, they are adequately described in the specification by 
their accession numbers" Id. (emphasis added). In its holding, the Federal Circuit considered 
the burden that would be placed on applicants were they required to sequence each of the strains, 
noting lower court findings that it would have taken 3,000 scientists a month to sequence the 
bacterial genome of one strain of N. gonorrhoeae. Id. In the instant case, even more effort 
would be required, as corn is a higher life form with a more complex genome than the bacteria 
deposited in Enzo. The Examiner would nonetheless appear to require this much of Appellants 
in direct contradiction of Enzo. 

The fact that the deposit here will be made after the filing date of the application has no 
bearing on written description, as the Federal Circuit has noted that insertion of an accession 
number for a deposit after the filing date adds no new matter to a case provided the deposited 
subject matter is clearly identified in the application. See In re Lundak, 773 F.2d 1216, 1217 
(Fed. Cir. 1985) ("....an accession number and deposit date add nothing to the written 
description of the invention"). Appellants have therefore fully described the shared structure of 
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the claimed hybrid plants at the nucleic acid level and thus have fully complied with 35 U.S.C. 
§112, first paragraph. 

(4) The Examiner's allegations that the expression of the genetic 
complement of corn variety 1113752 is unpredictable are 
inapposite 

The Examiner alleged that claimed hybrid plants have not been described despite 
inheriting the genetic complement of variety 1113752 because information is not provided 
regarding the morphological and physiological traits of the hybrid plants. It is alleged that how 
the genes that are inherited would be expressed or would interact has not been shown. However, 
this misses the point that Appellants have gone one step further than morphological and 
physiological traits by describing the claimed hybrid plants at the genetic level. A better 
description could not be made than at the genetic level. Morphological and physiological traits, 
while helpful, are also subject to environmental variation and require subjective gradations. 
Genetic testing goes to the source of traits and yields concrete values. 

The law further makes no distinctions regarding the manner in which applicants choose 
to describe claimed compositions. Rather, an applicant must merely describe the claimed subject 
matter by "whatever characteristics sufficiently distinguish it." Amgen v. Chugai 
Pharmaceutical 927 F.2d 1200, 1206 (Fed. Cir. 1991). Here, Appellants have described the 
genetic complement of parent plant II 13752 that will be comprised in the claimed hybrid plants. 
Indeed, Appellants describe the entire genetic complement of parent plant 1113752 by way of a 
seed deposit made with the ATCC, as set forth above, as described above. 

(5) Appellants describe exemplary hybrids made using inbred 
1113752 

Further description of claimed hybrid plants is also provided in the specification by way 
of a detailed description of exemplary hybrids produced with 1113752 as one inbred parent. 



25661571.1 



21 



These plant are representative of hybrids produced using 1113752 as one parent, each of which 
comprise the genetic complement of the parent corn plant as set forth above. The tables of the 
specification give the performance characteristics for the hybrids and provides comparisons 
against other hybrid varieties. In the tables, the morphological traits of the hybrid plants are 
given. This information, combined with the descriptions of II 13752 in the specification and the 
shared structure among hybrids having corn plant II 13752 as a parent, is more than adequate to 
describe the claimed subject matter. 

c) Methods of Plant Breeding Are Fully Described 

The Examiner rejected claims covering methods of plant breeding that comprise using 
variety 1113752 as starting material as lacking written description. For example, it was 
apparently the position of the examiner that plants created at any intermediate or penultimate 
step are not described by specific structure yet must be under §112. However, what is required 
to meet the written description requirement is that an Applicant show that he or she was in 
possession of the claimed invention, Vas-Cath, Inc. v. Mahurkar, 935 F.2d 1555, 1563-64 (Fed. 
Cir. 1991). Here, a process is claimed, not a product of a process, and thus the steps of that 
process must be described, not intermediate or final products of the steps. The starting materials 
for the process must also be provided, otherwise the process could not be completed. However, 
the only starting materials required are corn variety II 13752, which the Examiner does not allege 
to have not been described, and any second corn plant. As set forth above, corn plants were well 
known, and this has also therefore been fully described. 

With respect to the steps, these have been fully set forth in the claim. No essential steps 
have been shown to be absent. All that is required to complete the claimed method is to cross the 
corn variety II 13752 or a product that is produced by any preceding step according to the steps 
given. All of the starting materials for any step within the method are either (1) corn variety 
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II 13752, (2) any second corn plant, or (3) a corn plant that is produced by following a preceding 
method step. The method has therefore been fully described. 

It is also noted that corn breeding is well known to those of skill in the art. Without it, 
there would not be commercial corn varieties, which are typically sold as hybrids produced by 
crossing two inbred varieties. This is evidenced by the more than 300 issued patents to inbred 
maize varieties discussed above, given that inbred plants are not produced without multiple 
generations of intentional self-fertilization breeding steps. All of the steps recited in the claim 
are typical of the process used for the production of new corn varieties, save for the point of 
novelty, corn variety 1113752. This is evidenced in the breeding history for the production of 
corn variety 1113752, which is given in the specification. The specification also describes 
methods for producing new corn varieties in the review of related art, for example, at pages 2-4 
of the application. 

In conclusion, all steps of the claimed process have been recited, all starting materials 
have been fully described, and methods of producing new corn varieties were well known to 
those of skill in the art. The claims are therefore been fully described in compliance with 35 
U.S.C. §112, first paragraph. 

In view of the foregoing, reversal of the rejection is thus respectfully requested. 

D. The Claims Are Enabled Under 35 U.S.C. §112, First Paragraph 

The Examiner rejected claims 6, 1 1 and 15-24 as not enabled. The claims are directed to 
corn plants of the claimed variety which comprise a locus conversion or a nuclear or cytoplasmic 
gene conferring male sterility as well as methods of plant breeding. The Examiner alleged that 
no guidance has been provided for creation of such plants and asserted non-enablement because 
absolute purity of backcrossed progeny may not be retained. However, this ignores the working 
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example in the specification describing an exemplary locus conversion that was made with a 
proprietary corn variety. This example gives the breeding history of the conversion that was 
made, including a description of seven backcrosses. The example describes exactly the type of 
process one of skill in the art could use to prepare conversions of the instant variety. The 
specification provides in great detail further guidance for creation of converted plants at pages 
29-33. The techniques recited are also all well known in the art (e.g., Poehlman et al., 1995; 
Fehr, 1987; Sprague and Dudley, 1988). 

With regard to creation of male sterile plants, this is also a technique that has been well- 
known for decades. This is evidenced by the numerous issued patents for creation of male sterile 
plants (see U.S. Patent No. 3,861,709; U.S. Patent No. 3,710,511; U.S. Patent No. 4,654,465; 
U.S. Patent No 5,625,132; U.S. Patent No. 4,727,219; U.S. Patent No. 5,530,191; U.S. Patent 
No. 5,689,041; U.S. Patent No. 5,741,684; and U.S. Patent No. 5,684,242, incorporated by 
reference). 

The basis alleged by the Examiner for the rejection is a citation to a number of references 
said to show the difficulty of breeding corn plants as well as making male sterile or converted 
plants. These references do not support the rejection and in fact affirmatively demonstrate the 
enablement of the claims. For example, the Examiner cited Murray et al (pp72-87, Proc. 43rd 
Annual Corn and Sorghum Industry research, Wilkinson et al eds. 1988 American Seed Trade 
Assn.) for the proposition that linkage drag is common in corn breeding, that the "equivalent" of 
10 backcrosses resulted in retention of 10% of the "unwanted" donor parent genome, this 
material would not be lost without backcrossing and selection, and that molecular marker 
assisted breeding or pedigree determination in corn is unpredictable due to a failure to identify 
markers specific for particular cultivars. Appellants traverse as the statements made regarding 
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this 1988 reference both selectively misquote the teachings while ignoring directly contradictory 
statements and have no negative bearing on enablement. 

The sections cited for the proposition that linkage drag is common and regarding the 
"equivalent" of 10 backcrosses are misleading, for example, because in fact the authors indicate 
that only six backcrosses were carried out yet the authors were able to obtain plants that 
"approximated BC 10 in terms of inbreeding equivalence." Murray at p. 82, 2 nd full % There is 
further no basis to conclude why any additional number of generations of backcrossing would 
require undue experimentation. The example in the specification mentioned above shows 
multiple generations and any additional number of generations could be carried out using the 
most basic of experimentation. 

Murray was also published in 1988, which Appellants submit is in no way indicative of 
the state of the art as of the filing date of the current application. As of March, 2002 the public 
USDA linkage map for maize included at least 1,006 RFLP and 804 SSR loci. In contrast, 
Murray states that "the current Agrigenetics maize RFLP linkage map consists of 300 
independent loci." See p. 74, legend of Fig. 2; see also 

http://www.ars.usda.gov/research/publications/publications.htm7SEQ_NO_l 1 5=1 36896. 

Despite the relatively unadvanced state of the art at the time Murray et al was published, 

the reference in fact affirmatively establishes enablement. Murray et al note, for example, that: 

Polymorphism is relatively easy to detect in maize for several reason. First, 
maize exhibits considerable genetic variability. Second transposition, a 
predominant feature of maize genome evolution, generates easily detectable 
polymorphism []. However, transposition is not frequent enough to cause 
problems in the stability and utility of most probes []. Thus, in contrast to other 
crops such as tomato, soybean and lettuce [], it is possible to construct maize 
genetic maps using only a few different restriction enzymes. 

Murray at p. 76, 2 nd full % (citations omitted; emphasis added). Still further, the reference notes 
the following: 



25661571.1 



25 



; 



Heretofore, the process of genome recovery could only be estimated by 
phenotype, statistical expectation, and expensive combining ability tests. RFLP 
technology, on the other hand, reveals the mosaic of parental chromosome 
segments within each individual, thus permitting the breeder to select with 
accuracy never before possible. 

Murray at p. 82, 1 st full f (emphasis added). 

Finally, Murray states in another section flanking a portion cited by the Examiner as 

showing problems associated with linkage drag that: 

The longstanding concept of using markers flanking a desirable gene to 
circumvent these problems is now practical with RFLP markers. Individuals in 
which recombination has occurred optimally close to the desired locus can be 
identified and thus linkage drag can be greatly reduced. This technique would 
involve searching among a progeny with the RFLP assay to discover individuals 
in which the desired recombination has occurred, and then using these individual 
for the next backcross []. In addition, any extraneous segments could be easily 
identified or at least tested for their contribution to phenotype. 

Murray at p. 84, 2 nd full \ (citation omitted; emphasis added). This section in and of 
itself establishes that all of the other assertions regarding an inability to introgress a locus 
conversion are completely unfounded and that those of skill in the art knew how to introgress 
such a conversion at least as of the 1988 publication of this paper, even using the relatively 
lightly populated RFLP map that existed at the time. All that is required to eliminate linkage 
drag is to select those individuals with recombinant segments. As stated by Murray, even as of 
the 1988 publication date markers could readily be used to carry this out. As of the filing date of 
this application, extensive public marker maps existed with at least 1,006 RFLP markers in 
addition to 804 SSR markers, which are both highly informative and amenable to high- 
throughput screening via PCR. Enablement is thus demonstrated by this reference. 

With regard to the Kevern (US 5,850,009) and Carlone (US 5,763,755) references, these 
are irrelevant to enablement because the teachings cited do not even relate to backcrossing or 
introgression of a locus conversion. See col. 4, 1. 37-46 of Kevern and paragraphs bridging cols. 
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1-2 of Carlone. Neither reference states that backcrossing or introgression of traits is 
unpredictable. In fact, Carlone states that "backcrossing for example, can be used to improve an 
inbred line" and that "[b]ackcrossing can be used to transfer a specific desirable trait from one 
inbred or source to an inbred that lacks that trait." Col. 3, 1. 4-7. The reference even teaches a 
method for accomplishing this and states that selfing in the last backcross generation gives pure 
breeding progeny for the gene(s) being transferred. Col. 3, lines 4-21. These references contain 
no information suggesting non-enablement of the claims and again demonstrate that 
backcrossing was routine in the art. 

The Examiner next cites Goldman et al. {Crop Sci., 34:908-915, 1994) for the proposition 
that use of molecular markers to facilitate identification of chromosomal regions associated with 
quantitatively inherited traits is hampered by different linkage groups with different parents or 
that quantitative traits such as oil or protein content are inversely proportional to kernel size. In 
response, Appellants note again that the teaching and relevance of the reference have been 
misstated. This 1994 reference did not concern introgression of a trait into a starting genotype 
but rather involved mapping of complex QTLs in a population derived from the same starting 
line, the open pollinated variety Burr's White. See p. 909, col. 1, 1 st % Given the common 
ancestry it is not surprising that some markers were shared. Despite this, the conclusions drawn 
from the results of the studies is that "Results from this investigation demonstrate the 
effectiveness of identification of QTL for oil concentration and kernel weight in a population 
descended from a cross of two strains divergently selected for protein concentration. 
Quantitative trait loci for oil were detected despite a relatively narrow range of oil 
concentration." See. "Conclusions" starting at p. 913, col. 2, last If. Therefore, if any 
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conclusions can be drawn they are in favor of the ability to use marker assisted selection rather 
than against. 

Next, Stuber {Crop Set 17(4):503-506, July, 1977), is cited for the proposition that corn 
breeding is confounded by epistasis and that grain and ear number were strongly affected by 
environment. In response, Appellants note that this 1977 reference was published so long ago as 
to be completely useless in drawing any inferences about what the state of the art was as of the 
filing date. Further, the reference relates to hybrid plant performance. See Abstract at p. 503. 
The reference is therefore irrelevant to the claims. 

Finally, Melchinger (Theor. Appl Genet., 72:231-239, 1986) is cited for the proposition 
that epistasis reduced the amount of heterosis (hybrid vigor) in hybrid crosses. In response, 
Appellants note that, in addition to being published so long ago as to be useless, the reference is 
completely irrelevant. The claims do not require any level of heterosis nor is any such 
requirement made by any patent law. All that is required for enablement is objective 
enablement, not any particular level of efficacy. In re Marzocchi, 169 UPSQ 370 (CCPA 1971). 
Thus, even if the assertions made were taken as true, which is not conceded, this has no 
relevance to the claims or enablement. 

In sum, no basis for doubting the enablement of the claims has been provided. Corn 
breeding is extremely advanced and well known in the art. This is due in large part to the fact 
that corn is one of the world's major food crops and largest seed crops. As explained in the 
specification, North American farmers alone plant tens of millions of acres of corn at the present 
time and there are extensive national and international commercial corn breeding programs. 
Appellants have more than adequately demonstrated that at most routine experimentation using 
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well know techniques would be required to practice the full scope of the claims. Reversal of the 
rejection is thus respectfully requested. 

E. The Claims Are Not Anticipated Under 35 U.S.C. §102 

The Examiner rejected claim 11 under 35 U.S.C. §102 as being anticipated by a patent 
said to teach some of the traits of the claimed variety. Appellants respectfully traverse as no 
showing; that the reference actually does teach the claim limitations or for concluding that such 
properties are inherent has been made on the record. For example, claim 1 1 is directed to a corn 
plant that is capable of expressing all of the physiological and morphological characteristics of 
the corn variety II 13752. Absolutely no basis for concluding that any prior art plant is capable 
of expressing these characteristics has been provided and the characteristics of variety 1113752 
are already admittedly novel. Hypothetical possibilities in a rejection do not suffice. 

The Examiner made no attempt to show that the cited variety actually does anticipates the 
subject matter of the claims. Under 35 U.S.C. § 102(b) it is the burden of the Office to show that 
each and every element as set forth in the claim is found in the prior art. Verdegaal Bros. v. 
Union Oil Co. of California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987). The 
identical invention must be shown in as complete detail as is contained in the claim. Richardson 
v. Suzuki Motor Co., 868 F.2d 1226, 1236, 9 USPQ2d 1913, 1920 (Fed. Cir. 1989). This has not 
been done and the anticipation rejection must therefore fail. 

To the extent that unexpressed inherent characteristics of the cited variety form the basis 
of the anticipation rejection, it is noted by Appellants that these characteristics must necessarily 
flow from the prior art. Continental Can Co. USA v. Monsanto Co., 948 F.2d 1264, 1268, 20 
USPQ2d 1746, 1749 (Fed. Cir. 1991) ("To serve as an anticipation when the reference is silent 
about the asserted inherent characteristic, such gap in the reference may be filled with recourse to 
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extrinsic evidence. Such evidence must make clear that the missing descriptive matter is 
necessarily present in the thing described in the reference, and that it would be so recognized by 
persons of ordinary skill."). Here, it is merely stated that the cited variety shares some of the 
same characteristics and there is no showing that any other traits are necessarily present. The 
Examiner has thus failed to meet the burden under 35 U.S.C. §102. 

In view of the foregoing, reversal of the rejection is respectfully requested. 



It is respectfully submitted, in light of the above, that none of the claims are properly 
rejected. Therefore, Appellants request that the Board reverse the pending grounds for rejection. 



CONCLUSION 




Respectfully submitted, 



FULBRIGHT & JAWORSKI L.L.P 
600 Congress Avenue, Suite 2400 
Austin, Texas 78701 
(512) 536-3085 



Robert E. Hanson 
Reg. No. 42,628 
Attorney for Appellants 
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VIII. CLAIMS APPENDIX 

6. (Original) The corn plant of claim 2, further comprising a nuclear or cytoplasmic gene 
conferring male sterility. 

1 1 . (Original) A corn plant regenerated from the tissue culture of claim 9, wherein the corn 
plant is capable of expressing all of the physiological and morphological characteristics of corn 
variety 1113752, wherein a sample of the seed of the corn variety 1113752 was deposited under 
ATCC Accession No. 

15. (Original) The corn plant of claim 2, further comprising a transgene introduced by 
genetic transformation. 

16. (Original) The corn plant of claim 15, wherein the transgene confers a trait selected from 
the group consisting of herbicide tolerance, insect resistance, disease resistance, yield 
enhancement, waxy starch, improved nutritional quality, decreased phytate content, modified 
fatty acid metabolism, modified carbohydrate metabolism, male sterility and restoration of male 
fertility. 

17. (Original) A method of producing a transgenic corn plant, comprising introducing a 
transgene into a plant of corn variety 1113752, wherein a sample of the seed of the corn variety 
II 13752 was deposited under ATCC Accession No. 

18. (Original) A method of producing an inbred corn plant derived from the corn variety 
II 13752, the method comprising the steps of: 

(a) preparing a progeny plant derived from corn variety II 13752 by crossing a plant 
of the corn variety 1113752 with a second corn plant, wherein a sample of the 

seed of the corn variety II 13752 was deposited under ATCC Accession No. 

~? 

(b) crossing the progeny plant with itself or a second plant to produce a seed of a 
progeny plant of a subsequent generation; 
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(c) growing a progeny plant of a subsequent generation from said seed and crossing 
the progeny plant of a subsequent generation with itself or a second plant; and 

(d) repeating steps (b) and (c) for an additional 2-10 generations to produce an inbred 
corn plant derived from the corn variety II 13752. 

J 

19. (Previously presented) A method of producing a conversion of the corn variety II 13752 
to express at least one new trait, the method comprising the steps of: 

(a) crossing a first corn plant having a first diploid genome comprising a plurality of 
paired chromosomes comprising a plurality of mappable genetic loci with a pair 
of alleles at each locus, and further comprising a conversion that confers at least 
one new trait, with a second plant of the corn variety 1113752, a sample of the 
seed of the corn variety 1113752 having been deposited under ATCC Accession 

No. , the plant of the corn variety II 13752 having a second diploid genome 

comprising a plurality of paired chromosomes comprising a plurality of mappable 
genetic loci with a pair of alleles at each locus, to produce seed comprising a 
diploid genome having a plurality of paired chromosomes comprising a plurality 
of mappable genetic loci with a pair of alleles at each locus, wherein one of the 
alleles is contributed by the first corn plant and the other is contributed by the 
plant of the corn variety II 13752, said genome further comprising the conversion 
that confers the new trait; 

(b) harvesting and planting the seed thereby produced to produce at least one progeny 
plant of the first filial generation, said progeny plant comprising a diploid genome 
comprising the conversion; 

(c) crossing said progeny plant with a plant of the corn variety 1113752 to produce 
seed of a subsequent filial generation, the seed comprising a diploid genome 
having a plurality of paired chromosomes comprising a plurality of mappable 
genetic loci with a pair of alleles at each locus, wherein one of the alleles is 
contributed by the progeny plant and the other is contributed by the plant of the 
corn variety II 13752, and further comprising the conversion that confers the new 
trait; 
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(d) growing at least one progeny plant of the subsequent filial generation from the 
seed produced in step (c) 5 said progeny plant comprising a genome comprising the 
conversion that confers the new trait; 

(e) repeating steps (c) and (d) for at least one additional generation to produce a 
converted plant of the corn variety II 13752 wherein the plant comprises a diploid 
genome having a plurality of paired chromosomes comprising a plurality of 
mappable genetic loci with a pair of alleles at each locus, wherein both alleles at 
substantially all of the loci consist essentially of the allele found at the same locus 
in corn variety 1113752, the genome further comprising the conversion that 
confers the new trait; and 

(f) harvesting the seed of the converted plant. 

20. (Previously presented) The method of claim 19, wherein the conversion was stably 
inserted into a corn genome by genetic transformation. 

21. (Previously presented) The method of claim 19, wherein the new trait is selected from the 
group consisting of herbicide tolerance; insect resistance; disease resistance; waxy starch; 
decreased phytate content, modified fatty acid metabolism, modified carbohydrate metabolism; 
male sterility and restoration of male fertility. 

22. (Original) A converted plant of the corn variety 1113752 produced by the method of 
claim 19. 

23. (Original) A hybrid corn seed having a male parent and a female parent, wherein the male 
and female parents each comprise a diploid genome having a plurality of paired chromosomes 
comprising a plurality of mappable genetic loci with a pair of alleles at each locus; the hybrid 
corn seed also comprising a diploid genome having a plurality of paired chromosomes 
comprising a plurality of mappable genetic loci with a pair of alleles at each locus, one of the 
alleles being contributed by the male parent and the other being contributed by the female parent, 
wherein one of the parents is a plant of the corn variety 1113752, a sample of the seed of said 
corn variety II 13752 having been deposited under ATCC Accession No. , and wherein the 
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other parent is a plant of a different variety; whereby one allele at each locus in the hybrid 
genome consists essentially of the allele found at the same locus in corn variety 1113752, and 
further whereby the other allele in a plurality of such loci in the hybrid genome is different from 
the allele found at the same locus in corn variety II 13752. 

24. (Original) A corn plant grown from the seed of claim 23. 
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IX. EVIDENCE APPENDIX 

No exhibits 
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X. RELATED PROCEEDINGS APPENDIX 



Exhibit A: Copy of Board Decision in Appeal No. 2004-1506 (Ser. No. 09/788,334) 

Exhibit B: Copy of Board Decision in Appeal No. 2004-1968 (Ser. No. 10/000,31 1) 

Exhibit C: Copy of Board Decision in Appeal No. 2004-1503 (Ser No. 09/606,808) 

Exhibit D: Copy of Board Decision in Appeal No. 2004-2317 (Ser. No. 09/771,938) 

Exhibit E: Copy of Board Decision in Appeal No. 2004-2343 (Ser. No. 09/772,520) 

Exhibit F: Copy of Board Decision in Appeal No. 2005-0396 (Ser. No. 10/077,589) 
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EXHIBIT A 



The opinion in support of the decision being entered today was not written 
for publication and is not binding precedent of the Board. 



UNITED STATES PATENT AND TRADEMARK OFFICE 



BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 




sjf-r. , Ex parte Thomas B. Carlson 



Client 
Attomey(s} 
Initials 



APR 0 4 2005 ^l L $ Appeal No. 2004-1506' 
T>fT\y A - nail IC Application No. 09/788,334 



Heard: February 10, 2005 2 



MAILED 

MAR 3 1 2005 



U.S. PATENT AND TRADEMARK OFFICE 
BOARD OF PATENT APPEALS 
AND INTERFERENCES 



Before SCHEINER, ADAMS and GREEN, Administrative Patent Judges . 
ADAMS, Administrative Patent Judge . 

DECISION ON APPEAL 
This is a decision on the appeal under 35 U.S.C. § 134 from the 
examiner's final rejection of claims 3, 6, 1 1 , 14-20 and 24-31 . The examiner has 
indicated that claims 1, 2, 5, 7-10, 12, 13 and 21-23 are allowable. Answer, 
page 2. According to the examiner (id.; Accord . Brief, page 6), "[c]laim 4 has 
been cancelled in the paper submitted by [a]ppellant on 30 June 2003." In 
addition, appellant confirmed during the February 10 th oral hearing that it was his 



1 This appeal is substantially similar to Appeal No. 2004-1503, Application No. 09/606,808; 
Appeal No. 2004-1 968, Application No. 1 0/00,031 1 ; Appeal No. 2004-231 7, Application No. 
09/771,938; Appeal No. 2004-2343, Application No. 09/772,520; and Appeal No. 2005-0396, 
Application No. 10/077,589, which all share the same assignee, Monsanto Company, the parent 
of wholly-owned subsidiary DeKalb Genetics Corporation. Accordingly we have considered these 
appeals together. 

2 We note that examiner Ashwin Meta presented arguments at the oral hearing. 
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intent to cancel pending claim 26, accordingly we have not considered this claim 
in our deliberations. 

Claims 3, 6, 15, 16, 17, 27, 28 and 30 are illustrative of the subject matter 
on appeal and are reproduced below. In addition, for convenience, we have 
reproduced allowable claims 2 and 5 below: 

2. A population of seed of the corn variety 101 501 1 , wherein a sample of the 
seed of the corn variety 101 501 1 was deposited under ATCC Accession 
No. PTA-3224. 

3. The population of seed of claim 2, further defined as an essentially 
homogeneous population of seed. 

5. A corn plant produced by growing a seed of the corn variety 101 501 1 , 
wherein a sample of the seed of the corn variety 101 501 1 was deposited 
under ATCC Accession No. PTA-3224. 

6. The corn plant of claim 5, having: 

(a) an SSR profile in accordance with the profile shown in Table 5; or 

(b) an isozyme typing profile in accordance with the profile shown in 
Table 6. 

15. A corn plant capable of expressing all the physiological and 
morphological characteristics of the corn variety 101501 1 , wherein a 
sample of the seed of the corn variety 1015011 was deposited under 
ATCC Accession No. PTA-3224. 

16. The corn plant of claim 15, further comprising a nuclear or cytoplasmic 
gene conferring male sterility. 

1 7. A tissue culture of regenerate cells of a plant of corn variety 101 501 1 , 
wherein the tissue is capable of regenerating plants capable of 
expressing all the physiological and morphological characteristics Of the 
com variety 1015011, wherein a sample of the seed of the corn variety 
101 501 1 was deposited under ATCC Accession No. PTA-3224. 

27. The corn plant of claim 5, further defined as having a genome comprising 
a single locus conversion. 

28. The com plant of claim 27, wherein the single locus was stably inserted 
into a corn genome by transformation. 



Appeal No. 2004-1506 Pa 9 e 3 

Application No. 09/788,334 

30. The corn plant of claim 27, wherein the locus, confers a trait selected from 
the group consisting of herbicide tolerance; insect resistance; resistance 
to bacterial, fungal, nematode or viral disease; yield enhancement; waxy 
starch; improved nutritional quality; enhanced yield stability; male sterility 
and restoration of male fertility. 

The references relied upon by the examiner are: 

Hunsperger et al. (Hunsperger) 5,523,520 Jun. 4. 1996 

Eshed et al. (Eshed), "Less-Than-Additive Epistatic Interactions of Quantitative 
Trait Loci in Tomato," Genetics , Vol. 143, pp. 1807-17 (1996) 

Kraft et al. (Kraft), "Linkage Disequilibrium and Fingerprinting in Sugar Beet," 
Theoretical and Applied Genetics , Vol. 101, pp. 323-36 (2000) 

GROUNDS OF REJECTION 
Claim 3 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrase "an essentially homogeneous population 
of seed." 

Claim 14 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrase "[a]n essentially homogeneous 
population of corn plants produced by growing the seed of the corn variety 
1015011." 

Claims 6 and 1 1 stand rejected under 35 U.S.C. § 1 1 2, second paragraph 
as indefinite in the recitation of the phrase "in accordance with." 

Claims 15, and 17-20 3 stand rejected under 35 U.S.C. § 112, second 
paragraph as indefinite in the recitation of the phrase "capable of expressing." 



3 According to the examiner (Answer, pages 12 and 13), since claims 18 and 19 depend 
claim 17 they are included in this rejection. 
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Claims 16 and 27-30" stand rejected under 35 U.S.C. § 1 12, second 
paragraph as failing to limit the scope of the claims from which they depend. 

Claim 28 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of "the article 'a' in the recitation 'wherein the single 
locus was stably inserted into a corn genome. m 

Claim 30 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrases "yield enhancement," "improved 
nutritional quality," and "enhanced yield stability." 

Claims 6, 1 1 , 24, 25 and 27-3 1 s stand rejected under the written 
description provision of 35 U.S.C. § 1 12, first paragraph. 

Claims 27-30 stand rejected under the enablement provision of 35 U.S.C. 
§ 112, first paragraph. 

We reverse. 

BACKGROUND 

The present "invention relates to inbred corn seed and plants of the 
variety designated 1015011, and derivatives and tissue cultures thereof." 
Specification, page 1. According to appellant (specification, page 27), "[a] 
description of the physiological and morphological characteristics of corn plant 

4 According to the examiner (Answer, page 4). "[cjlaims ... 27-30 ... stand rejected under 35 
USC. [§] 1 12. second paragrarph..." The examiner, however, provides no explanation as to why 
claim 29 is rejected. We can only assume that since claim 29, as well as claims 28 and 30, each 
depend from claim 27, they are rejected for the same reason as claim 27. Accordingly, we have 
included claims 28-30 with this ground of rejection. 

5 While the examiner included claim 26 in this rejection, for the reasons set forth above, we have 
not considered this claim in our deliberations. 
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101501 1 is presented in Table 3" of the specification, pages 27-29. On this 
record the examiner has indicated that claims drawn to plants, plant parts, and 
seed of the corn variety designated 101501 1 are allowable. See ejg., claims 1, 2, 
5, 7-10, 12 and 13, and Answer, page 2, wherein the examiner states M (c]laims 1 , 
2, 5, 7-10, 12 [and] 13 ... are allowed." 

A second aspect of the present invention comprises hybrid plants and 
processes "for producing [first generation (F,) hybrid 6 ] corn seeds or plants, 
which ... generally comprise crossing a first parent corn plant with a second 
parent corn plant, wherein at least one of the first or second parent corn plants is 
a plant of the variety designated 101 501 1 ." Specification, pages 7-9. On this 
record the examiner has indicated that claims drawn to a process of producing 
corn seed wherein the process comprises crossing a first parent corn plant with a 
second parent corn plant are allowable. See ejg., claims 21-23 and Answer, 
page 2, wherein the examiner states claims "21-23 are allowed." 

A third aspect of the present invention comprises single locus converted 
plants of the corn variety 1015011. Specification, page 6. As appellant explains 
(specification, page 23, emphasis added), single locus converted (conversion) 
plants are those plants 

which are developed by a plant breeding technique called 
backcrossing wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in 
addition to the characteristics conferred by the single locus 
transferred into the inbred via the backcrossing technique. A single 



6 According to the specification (page 21), a F, hybrid is "[t]he first generation progeny of the 
cross of two plants." During oral hearing, appellant confirmed that all claims drawn to hybrid 
plants or hybrid seeds (see ej^, claims 24 and 25) refer to F, hybrids. 
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locus may comprise one gene, or in the case of transgenic plants, 
one or more transgenes integrated into the host genome at a single 
site (locus). 

As appellant explains (specification, page 31): 

Many single locus traits have been identified that are not regularly 
selected for in the development of a new inbred but that can be 
improved by backcrossing techniques. Single locus traits may or 
may not be transgenic; examples of these traits include, but are not 
limited to, male sterility, waxy starch, herbicide resistance, 
resistance for bacterial, fungal, or viral disease, insect resistance, 
male fertility, enhanced nutritional quality, industrial usage, yield 
stability, and yield enhancement. These genes are generally 
inherited through the nucleus, but may be inherited through the 
cytoplasm. Some known exceptions to this are genes for male 
sterility, some of which are inherited cytoplasmically, but still act as 
single locus traits. 

A final aspect of the present invention is directed to a process of 

producing an inbred corn plant derived from a plant of the corn variety 1015011 

See e.g. , claim 31 . According to appellant's specification (page 10), 

the present invention provides a method of producing an inbred 
corn plant derived from the corn variety 1015011, the method 
comprising the steps of: (a) preparing a progeny plant derived from 
com variety 101501 1, wherein said preparing comprises crossing a 
plant of the com variety 1015011 with a second com plant, and 
wherein a sample of the seed of corn variety 101501 1 has been 
deposited under ATCC Accession No. ... [PTA-3224]; (b) crossing 
the progeny plant with itself or a second plant to produce a seed of 
a progeny plant of a subsequent generation; (c) growing a progeny 
plant of a subsequent generation from said seed of a progeny plant 
of a subsequent generation and crossing the progeny plant of a 
subsequent generation with itself or a second plant; and (d) 
repeating steps (c) and (d) for an addition 3-10 generations to 
produce an inbred corn plant derived from the corn variety 101501 1 . 
In the method, it may be desirable to select particular plants 
resulting from step (c) for continued crossing according to steps (b) 
and (c). By selecting plants having one or more desirable traits, an 
inbred corn plant derived from the corn variety 101 501 1 is obtained 
which possesses some of the desirable traits of corn variety 
101501 1 as well potentially other selected traits. 
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According to the examiner (Answer, page 36). u [t]he patentability of the method 
of claim 31 does not lie in the method steps, which require the simple acts pf 
crossing corn plants, allowing progeny seed to be produced, and growing 
progeny plants from the seed...." Therefore, as we understand this aspect of the 
claimed invention (e&, claim 31), the intent is not to claim a specific inbred corn 
plant resulting from the claimed process. See claim 31. Instead, as we 
understand it, claim 31 is drawn to a process wherein an inbred corn plant is 
derived from the corn variety 101 501 1 . 

As appellant explains (specification, page 3), 

The development of uniform corn plant hybrids requires the 
development of homozygous inbred plants, the crossing of these 
inbred plants, and the evaluation of the crosses. Pedigree breeding 
and recurrent selection are examples of breeding methods used to 
develop inbred plants from breeding populations. Those breeding 
methods combine the genetic backgrounds from two. or more 
inbred plants or various other broad-based sources into breeding 
pools from which new inbred plants are developed by selfing and 
selection of desired phenotypes. The new inbreds are crossed with 
Other inbred plants and the hybrids from these crosses are 
evaluated to determine which of those have commercial potential. 

We emphasize, that while "new inbreds" having commercial potential may result 

from the method set forth in claim 31, the claim does not encompass any specific 

plant that is produced as a result of the method. Rather the claim encompasses 

only a method of producing an inbred corn plant that is " derived " from the corn 

variety 101501 1 . The examiner has indicated that a claim drawn to a corn plant 

of the corn variety 101501 1 is allowable. See ejgu, claim 5, and Answer, page 2, 

wherein the examiner states that claim 5 is allowed. 

Against this backdrop, we now consider the rejections of record. 
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DISCUSSION 

Definiteness : 

Claims 3, 6, 11, 14-20 and 27-30 stand rejected under 35 U.S.C. § 112, 
second paragraph. For the following reasons we reverse. 

Claim 3 

Claim 3 depends from independent claim 2. and stands rejected under 35 

U.S.C. § 112, second paragraph as indefinite in the recitation of the phrase "an 

essentially homogeneous population of seed...." Answer, page 5. According to 

the examiner (ig\), claim 2 is drawn to "'[a] population of seed of the corn variety 

1015011, wherein a sample of the seed of the corn variety 1015011 was 

deposited under ATCC Accession No. PTA-3224." Thus, the examiner finds 

(idj, the population of seed set forth in claim 2 "is a homogeneous population of 

seed of corn variety 1015011." Accordingly, the examiner finds (idj, "[t]he 

recitation, 'essentially homogeneous,' in claim 3 ... appear[s] to be superfluous." 

However, as disclosed in appellant's specification (page 5), 

[essentially homogeneous populations of inbred seed are those 
that consist essentially of the particular inbred seed, and are 
generally free from substantial numbers of other seed, so that the 
inbred seed forms between about 90% and about 100% of the total 
seed, and preferably, between about 95% and about 100% of the 
total seed. 

Accordingly, we disagree with the examiner's assertion (Answer, page 6) 
that claim 3 is unclear simply because it may contain seed other than the seed of 
the corn variety 1015011. We remind the examiner that claim language must be 
analyzed "not in a vacuum, but always in light of the teachings of the prior art 
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and of the particular application disclosure as it would be interpreted by one 
possessing the ordinary skill in the pertinent art." In re Moore, 439 F.2d 1232, 
1235, 169 USPQ 236, 238 (CCPA 1971). Here, notwithstanding appellant's 
comments 7 , it is our opinion that a person of ordinary skill in the art would 
recognize that an essentially homogeneous population of seed of the corn 
variety 101 501 1 is a population of seed that is generally free from substantial 
numbers of other seed, e.g., wherein corn variety 101501 1 seed forms between 
about 90% and about 100% of the total seed in the population. 8 

Accordingly, we reverse the rejection of claim 3 under 35 U.S.C. § 1 12, 
second paragraph. 

Claim 14 

Claim 14 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrase "[a]n essentially homogeneous 
population of corn plants produced by growing the seed of the corn variety 
101501 1 Answer, page 7. According to the examiner (Answer, page 7), "[t]he 
1015011 seed can only produce 1015011 plants. ... (Therefore,] [t] he population 
can ... only consist of 101501 1 plants." Accordingly, the examiner finds it unclear 
"why the population is referred to as 'essentially homogeneous;* since such 
populations can comprise more than one variety of plant." Id. 



7 According to appellant (Brief, page 7), an essentially homogeneous population of seed, is a 
population of seed that could be of non-uniform size and shape. 

8 Cf the examiner's statement (Answer, page 6), "amending claim 3 to read '[a]n essentially 
homogeneous population of corn seeds consisting essentially of seed of claim V. would obviate 
this rejection." 
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As appellant discloses (specification, page 6), "[t]he population of inbred 
corn seed of the invention can further be particularly defined as being essentially 
free from hybrid seed. The inbred seed population may be separately grown to 
provide an essentially homogeneous population of inbred corn plants designated 
101501 1." As we understand the claim, growing the seed of claim 3, for example, 
would produce an essentially homogeneous population of corn plants of the corn 
variety 1015011. 9 

In addition, we direct the examiner's attention to Appeal No. 2005-0396, 
wherein a claim similar to claim 14 was presented for our review. In Appeal No. 
2005-0396, the examiner of record indicated that claim 14, directed to "[a]n 
essentially homogeneous population of corn plants produced by growing the 
seed of the corn variety 1180580...." was allowable. Accordingly, we find that the 
examiner has treated claim 14 in a manner that is inconsistent with the 
prosecution of claim 14 in 2005-0396. As we understand it, the only difference 
between claim 14 as it appears in Appeal No. 2005-0396 and the instant appeal 
is the variety of corn seed from which the plant is produced. 

Accordingly we reverse the rejection of claim 14 under 35 U.S.C. § 1 12, 
second paragraph. 



9 Cf. The examiner's statement (Answer, page 7), amending claim 14 "to read, '[a]n essentially 
homogeneous population of com plants produced by growing a population of corn seed consisting 
essentially of the seed of corn plant 1015011../ would obviate the rejection." 
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Claims 6 and 1 1 

Claims 6 and 1 1 stand rejected under 35 U.S.C. § 1 12, second paragraph 
as indefinite in the recitation of the phrase "in accordance with." According to the 
examiner (Answer, page 9), it is unclear if a plant "that generally follows the trend 
of the profile of Table 5, but which differs at one or a few loci, [would] be 
considered in 'conformity' or 'in accordance' with the profile of Table 5." 

On this record, we understand the phrase "in accordance with" as it is 
used in claims 6 and 1 1 to mean "the same" 10 . Stated differently, we understand 
the claims to read: 

6. The corn plant of claim 5, having: 

(a) the same SSR profile as shown in Table 5; or 

(b) the same isozyme typing profile as shown in Table 6. 

11. The plant part of claim 10, wherein said cell is further defined as having: 

(a) The same SSR profile as shown in Table 5; or 

(b) The same isozyme typing as shown in Table 6. 

Accordingly we reverse the rejection of claims 6 and 1 1 under 35 U.S.C. 
§ 112, second paragraph. 

Claims 15 and 17-20 
Claims 15, and 17-20 stand rejected under 35 U.S.C. § 112, second 
paragraph as indefinite in the recitation of the phrase "capable of expressing," or 
"capable of regenerating." According to the examiner (Answer, page 10), the 
claims do "not make clear if the plant actually expresses the traits, or when or 



10 During the February 10. 2005 oral hearing appellant's representative confirmed that the phrase 
"in accordance with" was intended to mean "the same." 
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under what conditions the traits are expressed." In this regard, the examiner 
finds (Answer, bridging paragraph, pages 10-11). 

while the plant has the capacity to express the characteristics, for 
some reason it may not. Certain characteristics of a plant are 
expressed only at certain times of its life cycle, and are incapable 
of being expressed at other times. The colors of flower parts such 
as silks, or fruit parts such as husks, are examples. The promoters 
of many genes conferring traits require a transcription factor to 
become active. Is a plant that has such a gene, but not the 
transcription factor, considered "capable of expressing" that gene, 
and the trait associated with that gene, and is such a plant 
encompassed by the claims? 

To address the examiner's concerns, we find it sufficient to state that if a plant 

has the capacity to express the claimed characteristics it meets the requirement 

of the claim regarding "capable of," notwithstanding that due to a particular 

phase of the life cycle the plant is not currently expressing a particular 

characteristic. Alternatively, if a plant is incapable of expressing the claimed 

characteristics at any phase of the life cycle, because it lacks, for example, the 

"transcription factor" required for expression - such a plant would not meet the 

requirement of the claim regarding "capable of." 

Here, we find the examiner's extremely technical criticism to be a 

departure from the legally correct standard of considering the claimed invention 

from the perspective of one possessing ordinary skill in the art. 11 In our opinion, 

a person of ordinary skill in the art would understand what is claimed. Amgen 

Inc. v. Chuaai Pharmaceutical Co., Ltd. , 927 F.2d 1200, 1217, 18 USPQ2d 1016, 



it cf Digital Eouioment Corp. v. Diamond. 653 F.2d 701. 724. 210 USPQ 521. 546 (CA 1981). 
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1030 (Fed. Cir. 1991). We find the same to be true for the phrase "capable of 
as set forth in claims 17-20. 

Accordingly we reverse the rejection of claims 15, and 17-20 under 35 
U.S.C. § 112, second paragraph. 

Claims 16 and 27-30 

Claims 16 and 27-30 stand rejected under 35 U.S.C. § 1 12, second 
paragraph as failing to limit the scope of the claims from which they depend. 
According to the examiner (Answer, page 11), since the plant set forth in claim 
16 is male sterile it cannot express all the morphological and physiological 
characteristics of the male fertile corn variety 101 501 1 . Similarly, the examiner 
finds it unclear whether the plant set forth in claim 27 has all the characteristics 
of the plant set forth in claim 5, from which claim 27 depends. Id. In response, 
appellant asserts (Brief, pages 10-11), claims 16 and 27 simply add a further 
limitation to the claims from which they depend. We agree. 

For example, claim 16 reads on a corn plant capable of expressing all the 
physiological and morphological characteristics of the corn variety 101501 1 , 
further comprising a nuclear or cytoplasmic gene conferring male sterility. In our 
opinion, the claims reasonably apprise those of skill in the art of their scope. 
Amqen . As set forth in Shatterproof Glass Corp. v. Libbev-Owens Ford Co. , 758 
F.2d 613, 624, 225 USPQ 634, 641 (Fed. Cir. 1985), "[i]f the claims, read in the 
light of the specifications, reasonably apprise those skilled in the art both of the 
utilization and scope of the invention, and if the language is as precise as the 
subject matter permits, the courts can demand no more." 
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Accordingly we reverse the rejection of claims 16 and 27-30 under 35 
U.S.C. § 112, second paragraph. 

Claim 28 

Claim 28 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of "the article 'a' in the recitation 'wherein the single 
locus was stably inserted into a corn genome.'" According to the examiner 
(Answer, page 13), "[t]he recitation does not make clear if the genome is that of 
1015011 or that of a different corn plant." 

According to appellant's specification (page 23, emphasis removed), a 
"Single Locus Converted (Conversion) Plant" refers to 

[pjlants which are developed by a plant breeding technique called 
backcrossing wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in 
addition to the characteristics conferred by the single locus 
transferred into the inbred via the backcrossing technique. A single 
locus may comprise one gene, or in the case of transgenic plants, 
one or more transgenes integrated into the host genome at a single 
site (locus). 

Accordingly, we agree with appellant (Brief, page 12) "[t]he single locus 
referred to in claim 28 may or may not have been directly inserted into the 
genome of the claimed plant." As we understand the claim, and arguments of 
record, claim 28 presents two possibilities: (1) the single locus is directly inserted 
into the claimed plant and nothing further need be done; or (2) the single locus is 
directly inserted into a different plant, which is then used to transfer the single 
locus to the claimed plant through use of the plant breeding technique known as 
backcrossing. 
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In our opinion, the claim reasonably apprises those of skill in the art of its 
scope. Amqen . Accordingly, we reverse the rejection of claim 28 under 35 
U.S.C. § 112, second paragraph. 

Claim 30 

Claim 30 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of the phrases "yield enhancement," "improved 
nutritional quality," and "enhanced yield stability." According to the examiner the 
terms "yield enhancement," "improved nutritional quality," and "enhanced yield 
stability" are relative and have no definite meaning. Answer, page 14. The 
examiner is correct (Answer, page 14), when a word of degree is used 
appellant's specification must provide some standard for measuring that degree. 
Seattle Box. Co. v. Industrial Crating & Packing. Inc. , 731 F.2d 818, 826, 221 
USPQ 568, 573-574 (Fed. Cir. 1984). 

On this record, appellant asserts (Brief, page 13), it is "understood the 
enhancement of yield or yield stability and improved nutritional quality is relative 
to a plant lacking the single locus. The metes and bounds of the claim are thus 
fully understood by one of skill in the art and the use of the terms is not 
indefinite." On reflection, we agree with appellant. The fact that some claim 
language is not mathematically precise does not per se render the claim 
indefinite. Seattle Box . As set forth in Shatterproof Glass, "[i]f the claims, read in 
the light of the specifications, reasonably apprise those skilled in the art both of 
the utilization and scope of the invention, and if the language is as precise as the 
subject matter permits, the courts can demand no more." In our opinion, a 
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person of ordinary skill in the art would have understood the enhancement of 
yield or yield stability and improved nutritional quality is relative to a plant lacking 
the single locus. 

Accordingly we reverse the rejection of claim 30 under 35 U.S.C. § 1 12, 
second paragraph. 

Written Description : 

Claims 6, 11, 24, 25 and 27-31 stand rejected under 35 U.S.C. § 1 12, first 
paragraph, as the specification fails to adequately describe the claimed 
invention. For the following reasons, we reverse. 

Claims 24 and 25 12 

Claims 24 and 25 both depend from claim 23. On this record, the 
examiner has indicated that claim 23 is allowable. Answer, page 2. The 
examiner finds (Answer, page 16), claims 24 and 25 are drawn to a hybrid plant 
or seed "produced by crossing inbred corn plant 101501 1 with any second, 
distinct inbred corn plant." 



12 We recognize, as does the examiner (Answer, page 21) that appellant's reference to claims 22- 
26 (Brief, page 14) was intended to be a reference to claims 24 and 25. 
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As we understand it, based on this construction of claims 24 and 25, the 
examiner is of the opinion that since the hybrids inherit only 1 / 2 of their diploid" 
set of chromosomes from the plant of corn variety 101 501 1 , a person of skill in 
the art would not have viewed the teachings of the specification as sufficient to 
demonstrate that appellant was in possession of the genus of hybrid seeds and 
plants encompassed by claims 24 and 25. According to the examiner (Answer, 
page 22), "[t]he fact that any hybrid plant will inherit half of its alleles from 
1015011 then does not provide sufficient description of the morphological and 
physiological characteristics expressed by the claimed hybrid plants." 

There is no doubt that the expressed gene products of a hybrid plant, e.g., 
the morphological and physiological traits, of 1015011 and a non-1015011 corn 
plant will depend on the combination of the genetic material inherited from both 
parents. See Answer, page 22. Nevertheless, we disagree with the examiner's 
conclusion (ig\) that "[t]he fact that any hybrid plant will inherit half of its alleles 
from 101501 1 then does not provide sufficient description of the morphological 
and physiological characteristics expressed by the claimed hybrid plants." 

On these facts, we find it necessary to take a step back and consider what 
is claimed. The claims are drawn to a F, hybrid seed (claim 24) or plant (claim 
25) resulting from a cross between a plant of com variety 101501 1 and a non- 
101501 1 corn variety. The claims do not require the hybrid to express any 
particular morphological or physiological characteristic. Nor do the claims 



13 According to appellant's specification (page 21), diploid means "a cell or organism having two 
sets of chromosomes." 
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require that a particular non-101501 1 corn variety be used. 14 All that is required 
by the claims is that the hybrid has one parent that is a plant of corn variety 
1015011. Since the examiner has indicated that the seed and the plant of the 
corn variety 101501 1 are allowable (see claims 1 and 5), there can be no doubt 
that the specification provides an adequate written description of this corn 
variety. In addition, the examiner appears to recognize (Answer, pages 24-25) 
that appellant's specification describes an exemplary hybrid wherein one parent 
was a plant of the corn variety 101 501 1 , see e.g. , specification, pages 53-57. 
Accordingly, it is unclear to this merits panel what additional description is 
necessary. 

As set forth in Reiffin v. Microsoft Corp. , 214 F.3d 1342, 1345, 54 
USPQ2d 1915, 1917 (Fed. Cir. 2000), the purpose of the written description 
requirement is to "ensure that the scope of the right to exclude, as set forth in the 
claims does not overreach the scope of the inventor's contribution to the field of 
art as described in the patent specification." Here the hybrid seed or plant has 
one parent that is a plant of the corn variety 101 501 1 . To that end, to satisfy the 
written description requirement, the inventor "must convey with reasonable clarity 
to those skilled in the art that, as of the filing date sought , he or she was in 
possession of the invention" [emphasis added]. Vas-Cath Inc. v. Mahurkar , 935 
F.2d 1555, 1563-64, 19 USPQ2d 1111, 1117 (Fed. Cir. 1991). For the foregoing 



14 According to appellant (Brief, page 16), "hundreds or even thousands of different inbred corn 
lines were well known to those of skill in the art prior to the filing [date] of the instant application, 
each of which could be crossed to make a hybrid plant with in the scope of the claims." 
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reasons it is our opinion that appellant has provided an adequate written 
description of the subject matter set forth in claims 24 and 25. 

We recognize the examiner's argument relating to SSR and isozyme 
markers (Answer, pages 25-30), as well as the examiner's arguments 
concerning a correlation between the hybrid's genome structure and the function 
of the hybrid plant (Answer, pages 23-25). However, for the foregoing reasons, 
we are not persuaded by these arguments. 

Claims 6 and 11 

Claims 6 and 1 1 depend ultimately upon claim 5. On this record, the 
examiner has indicated that claim 5 is allowable. Answer, page 2. 

According to the examiner (Answer, page 17), while the specification 
provides the locus names and allele numbers of the SSR markers, the 
specification does not provide the actual nucleotide sequences that make up the 
markers. According to the examiner (Answer, bridging paragraph, pages 17-18), 
"names of loci alone do not describe the structures of the markers themselves. 
Without a description of the sequences of the markers, one cannot confirm their 
presence." In response, appellant points out (Brief, page 19), "the SSR markers 
were from Celera AgGen, Inc., which provides a commercial service for 
genotyping of maize varieties." In other words, a person of ordinary skill in the 
art could use the commercially available service provided by Celera AgGen, Inc. 
to determine whether a corn plant produced by growing a seed of the corn 
variety 101501 1 has an SSR profile which is the same as that shown in Tabie 5. 
Therefore, it is unclear to this panel why the examiner believes that such a 
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disclosure fails to provide adequate written descriptive support for the claimed 
invention. 15 Accordingly, we are not persuaded by the examiner's argument. 

Regarding the isozyme typing profile, the examiner notes (Answer, page 
18), "9 of the 12 isozyme markers of 101501 1 in Table 6 are also found in at least 
two other corn varieties, those of the other plants of Table 6." Based on this 
observation, the examiner concludes (id., emphasis added), "the markers in 
Table 6 are not adequate to distinguish the claimed hybrids from other corn 
plants, as other corn plants contain almost all of the same markers.' 161 " We find 
the examiner's logic somewhat inconsistent, the examiner recognizes that 
isozyme typing profiles of "other corn plants" are different, yet concludes that the 
different isozyme profiles are inadequate to distinguish the claimed hybrids from 
other corn plants. Accordingly, we are not persuaded by the examiner's 
argument. 

The examiner finds (Answer, page 31), claims 6 and 1 1 require that the 
claimed plant or plant cell exhibit either the claimed SSR profile or the isozyme 
profile. According to the examiner (id.), "[t]he genome of the cells of the 101 501 1 
seed deposited with the ATCC has both the SSR profile and the isozyme typing 
profile shown in Tables 5 and 6 for that plant. No plant is described in the 
specification that has one genetic marker profile but not the other." The 

15 We are not persuaded by the examiner's assertion (Answer, page 28) "that the [commercially 
available] service used to detect SSR markers is currently available is not a guarantee that it will 
remain so for the life of a patent issuing from the application." Cf. In re Metcalfe. 410 F.2d 1378, 
1382, 161 USPQ 789, 792-3 (CCPA 1969). 

16 Stated differently, the examiner recognizes that the isozyme typing profiles of the corn plants 
are different. 
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examiner's concern appears to be misplaced. To the extent that the examiner is 
concerned that the claim is open to read on a plant other than a corn plant 
produced by growing a seed of the corn variety 101501 1 , we remind the 
examiner that both claims 6 and 1 1 ultimately depend from claim 5 ,? , which is 
drawn to "[a] corn plant produced by growing a seed of the corn variety 
1015011...." 

It appears that the examiner may have read claims 6 and 1 1 as drawn to 
a corn plant or plant cell having only one of the recited profiles. However, as we 
understand claims 6 and 1 1 , determining whether the claimed corn plant (claim 
6) or plant cell (claim 1 1 ) has one of the profiles does not mean that the plant, or 
plant cell would not also exhibit the other profile. 

In addition, we direct the examiner's attention to claims 6 and 1 1 of 
Appeal No. 2005-0396. As we understand it, notwithstanding differences in the 
SSR and isozyme profiles, the disclosure in the specification as well as the 
language of the claims is substantially similar to that of the instant application. 
Nevertheless, the examiner in Appeal No. 2005-0396 apparently found that 
appellant's specification provided an adequate written description of the claimed 
invention as no rejection of claims 6 and 1 1 was made under the written 
description provision of 35 U.S.C. § 112, first paragraph in Appeal No. 2005- 
0396. Accordingly, we find that the examiner has treated claims 6 and 1 1 in a 
manner that is inconsistent with the prosecution of similar claims in related 
application 10/077,589, which is the subject matter of Appeal No. 2005-0396. 

17 The examiner has indicated that claim 5 is allowable. Answer, page 2. 
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For the foregoing reasons, we are not persuaded by the examiner's 
arguments. 

Claims 27-30 

According to the examiner (Answer, page 18), "[c]laims 27-30 are drawn 
towards 101501 1 plants further comprising a single locus conversion, or wherein 
the single locus was stably inserted into a corn genome by transformation." The 
examiner finds, however, that "the specification does not describe identified or 
isolated single loci for all corn plant traits." Answer, page 19. More specifically, 
the examiner finds (ig\), claims 27-30 "broadly encompass single loci that have 
not been discovered or isolated." To the extent that the examiner is asserting 
that appellant has not provided an enabling disclosure of single loci that have not 
been identified, we note that to satisfy the written description requirement, the 
inventor "must convey with reasonable clarity to those skilled in the art that, as of 
the filing date sought , he or she was in possession of the invention" [emphasis 
added]. Vas-Cath . 

Nevertheless, it may be that the examiner's concern (Answer, page 31), is 
that "single genes that alone govern 'yield enhancement' or "enhanced yield 
stability' have not been discovered." In this regard, the examiner asserts 
(Answer, page 34), "the references cited in the specification do not describe 
isolated single genes or loci that confer yield enhancement or yield stability." 
Therefore, the examiner concludes (id.), "[a]ppellant cannot be in possession of 
plants further comprising single loci that have yet to be identified." The 
examiner, however, provides no evidence to support the assertion that a person 
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of ordinary skill in the art would not recognize that single loci for yield 
enhancement or yield stability are known in the art. In this regard, we note that 
appellant discloses (specification, page 31), "[m]any single locus traits have been 
identified ... examples of these traits include, but are not limited to, ... enhanced 
nutritional quality, industrial usage, yield stability, and yield enhancement." It 
appears that the examiner has overlooked appellant's assertion that single locus 
traits for yield stability and yield enhancement are well known in the art. To this 
end, we direct the examiner's attention to, for example, United States Patent No. 
5,936,145 ('145) 18 , issued August 10, 1999, which is prior to the filing date of the 
instant application. For clarity, we reproduce claims 8, 29 and 39 of the '145 
patent below: 

8. A corn plant having all the physiological and morphological 

characteristics of corn plant 87DIA4, a sample of the seed of said corn 
plant having been deposited under ATCC Accession No. 203192. 

29. The corn plant of claim 8, further comprising a single gene conversion. 

39. The single gene conversion of the corn plant of claim 29, where the 
gene confers enhanced yield stability. 

As we understand it, claim 39 of the '145 patent, is drawn to a corn plant which 

comprises a single gene conversion, wherein the gene confers enhanced yield 

stability. Thus, contrary to the examiner's assertion it appears, for example, that 

a single gene that confers enhanced yield stability was known in the art prior to 

the filing date of the instant application. We remind the examiner "a patent need 



18 We note that the assignee of the '145 patent is DeKalb Genetics Corporation. The assignee of 
the present application is Monsanto Company, the parent of wholly-owned subsidiary DeKalb 
Genetics Corporation. 



Appeal No. 2004-1506 Page 24 

Application No. 09/788,334 

not teach, and preferably omits, what is well known in the art." Hybritech 
Incorporated v. Monoclonal Antibodies, Inc. 802 F.2d 1367, 1385, 231 USPQ 81, 
94 (Fed. Cir. 1986). 

We remind the examiner that the inquiry into whether the description 
requirement is met must be determined on a case-by-case basis and is a 
question of fact. In re Wertheim , 541 F.2d 257, 262, 191 USPQ 90. 96 (CCPA 
1 976). A description as filed is presumed to be adequate; unless or until 
sufficient evidence or reasoning to the contrary has been presented by the 
examiner to rebut the presumption. See e^. In re Marzocchi , 439 F.2d 220, 
224, 169 USPQ 367, 370 (CCPA 1971). The examiner, therefore, must have a 
reasonable basis to challenge the adequacy of the written description. 
Accordingly, it is the examiner who has the initial burden of establishing by a 
preponderance of evidence that a person skilled in the art would not recognize in 
an applicant's disclosure a description of the invention defined by the claims. 
Wertheim . 541 F.2d at 263, 191 USPQ at 97. On this record, the examiner 
provides no evidence to support the assertion that single loci that govern, for 
example, yield enhancement or enhanced yield stability are not described. 

For the foregoing reasons, we are not persuaded by the examiner's 
arguments. 

Claim 31 

Claim 31 is drawn to a method of producing an inbred corn plant derived 
from the corn variety 101501 1. The claimed method begins by crossing a plant of 
the corn variety 101501 1 with any other corn plant. The method requires that the 
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progeny corn plant be crossed either to itself, or with any other corn plant, and 
that the progeny of this cross be further crossed to itself, or with another corn 
plant, and so on throughout several generations. As we understand it, claim 31, 
in its simplest form, is directed to a method of using a plant of the corn variety 
1015011 to produce an inbred corn plant. 

Nevertheless, the examiner finds (Answer, page 20), "[a] review of the 
claim indicates that hybrid progeny of corn plant 101501 1 are required to perform 
further crosses, and that progeny of subsequent generations can be further 
outcrossed with different corn plants." Therefore, the examiner concludes (id.), 
"[t]he hybrid progeny of corn plant 101501 1, and progeny plants of subsequent 
generations, are essential to operate the claimed method." As we understand 
the examiner's argument, not only does appellant have to provide a written 
description of the starting corn plant (101501 1), but appellant also must look into 
the future to determine every other potential corn plant that someone may wish 
to cross with the 101501 1 corn variety, and provide written descriptive support for 
not only every other corn plant that could be crossed with 101501 1 , but also the 
resulting progeny of each cross. 

As set forth in Reiffin , the purpose of the written description requirement is 
to "ensure that the scope of the right to exclude, as set forth in the claims does 
not overreach the scope of the inventor's contribution to the field of art as 
described in the patent specification." Here the method of producing an inbred 
corn plant requires a plant of the corn variety 1015011 be used as the starting 
material. To that end, to satisfy the written description requirement, the inventor 
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"must convey with reasonable clarity to those skilled in the art that, as of the filing 
date sought , he or she was in possession of the invention" [emphasis added]. 
Vas-Cath . The examiner has indicated that a claim to a plant of the corn variety 
101501 1 is allowable, see e^, appellant's claim 5. Therefore, in our opinion, 
there can be no doubt that appellant was in possession of a plant of the corn 
variety 101501 1, in addition to a method of using that plant to cross with any 
other corn plant to produce an inbred corn plant as set forth in appellant's claim 
31. 

In our opinion, it matters not what the other corn plants are, or what the 
progeny of a cross between corn variety 1015011 and some other corn plant 
represents. As the examiner explains (Answer, page 20), patentability of the 
method of claim 31 "does not lie in the method steps, which require the simple 
acts of crossing corn plants, allowing progeny seed to be produced, and growing 
progeny plants from the seed...." In our opinion, patentability of the method of 
claim 31 does not lie in the various other or second corn plants either. In our 
opinion, patentiblity of the method of claim 31 lies in the use of the corn variety 
101501 1 . Accordingly, for the foregoing reasons, it is our opinion that appellant 
has "convey[ed] with reasonable clarity to those skilled in the art that, as of the 
filing date sought, [they were] in possession of the invention," Vas-Cath 
(emphasis omitted). 
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Summary 

For the foregoing reasons, we reverse the rejection of claims 6, 1 1 , 24, 25 
and 27-31 under the written description provision of 35 U.S.C. § 1 12, first 
paragraph. 

Enablement : 

Claims 27-30 stand rejected under the enablement provision of 35 U.S.C. 
§ 112, first paragraph. The examiner finds (Answer, page 39), claims 27-30 "are 
broadly drawn towards inbred corn plant 1015011 further defined as having a 
genome comprising any single locus conversion, encoding any trait; or wherein 
the single locus was stably inserted into a com genome by transformation." The 
examiner presents several lines of argument under this heading. We take each 
in turn. 

I. Retaining all the morphological and physiological traits of 1015011 : 

According to the examiner (Answer, page 40, emphasis added), "the 
specification does not teach any 1015011 plants comprising a single locus 
conversion produced by backcrossing, wherein the resultant plant retains all of 
its morphological and physiological traits in addition to exhibiting the single trait 
conferred by the introduced single locus. With reference to Hunsperger, Kraft, 
and Eshed the examiner asserts (Answer, page 43), "[t]he rejection raises the 
issue of how linkage drag hampers the insertion of single genes alone into a 
plant by backcrossing, while recovering all of the original plant's genome." 
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We note, however, that claims 27-30 do not require that the single locus 

conversion plant retain all of the morphological and physiological traits of the 

parent plant in addition to exhibiting the single trait conferred by the introduction 

of the single loci. Nor do claims 27-30 require that the resultant plant retain all of 

the original plant's genome in addition to the single locus transferred into the 

inbred via the backcrossing technique. As appellant explains (specification, 

bridging paragraph, pages 29-30, emphasis added), 

[t]he term single locus converted plant as used herein refers to 
those corn plants which are developed by a plant breeding 
technique called backcrossing wherein essentially all of the desired 
morphological and physiological characteristics of an inbred are 
recovered in addition to the single locus transferred into the inbred 
via the backcrossing technique. 

See also appellant's definition of single locus converted (conversion) plant at 

page 23 of the specification. We find nothing in the appellant's specification to 

indicate that the single locus converted plant retains a|l of the morphological and 

physiological traits, or all of the genome, of the parent plant in addition to the 

single locus transferred via the backcrossing technique. Accordingly, we 

disagree with the examiner's construction of claims 27-30 as "directed to exactly 

plant 101501 1 further comprising the single locus," which appears to disregard 

appellant's definition of a single locus converted plant. See Answer, page 44, 

emphasis added. 

The examiner appears to appreciate (Answer, page 44) that appellant's 
specification provides an example of a converted plant. See e.g. , specification, 
pages 35-36. However, for the foregoing reasons, we are not persuaded by the 
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examiner's assertion (Answer, page 44) that the specification provides "no 
indication that all of the morphological and physiological traits of [this converted] 
... corn plant were recovered, and that only one single locus was transferred 
from the donor plant." To the contrary, the examiner provides no evidence that 
the converted plant exemplified in appellant's specification did not retain 
essentially all of the desired morphological and physiological characteristics of 
the inbred in addition to the characteristics conferred by the single locus 
transferred into the inbred yja the backcrossing technique. 

Further, we recognize appellant's argument (Brief, page 29) that the 
examiner failed to establish a nexus between Hunsperger's discussion of 
petunias; Kraft's discussion of sugar beets; and Eshed's discussion of tomatoes, 
and the subject matter of the instant application - corn. Absent evidence to the 
contrary, we agree with appellant (ig\), "[t]he [examiner's] indication 1 ' 91 that the 
references concerning petunias, sugar beets and tomatoes apply to corn is 
made without any support." That the examiner has failed to identify (Answer, 
page 43) an example "in the prior art of plants in which linkage drag does not 
occur," does not mean that linkage drag is expected to occur in com breeding, 
which according to appellant (Reply Brief, page 10) "is extremely advanced and 
well known in the art...." In this regard, we agree with appellant (Brief, pages 29- 
30; Accord Reply Brief, pages 10-11), the examiner has improperly placed the 
burden on appellant to demonstrate that the examiner's unsupported assertion is 



19 See Answer page 43, wherein the examiner asserts "[l]inkage drag appears to be a 
phenomenon that occurs in all plant types." 
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not true. We remind the examiner, as set forth in In re Wright , 999 F.2d 1557, 
1561-62, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993): 

When rejecting a claim under the enablement requirement of 
section 112, the PTO bears an initial burden of setting forth a 
reasonable explanation as to why it believes that the scope of 
protection provided by that claim is not adequately enabled by the 
description of the invention provided in the specification of the 
application; this includes, of course, providing sufficient reasons for 
doubting any assertions in the specification as to the scope of 
enablement. 

II. What plant is transformed in claim 28 ? 

We recognize the examiner's assertion (Answer, page 41) that while claim 
28 requires that a single locus be stably inserted into a corn genome by 
transformation, the claim does not indicate whether (1) the 101501 1 plant was 
transformed with the single locus, or (2) some other corn plant was transformed 
with the single locus and then introduced into 101501 1 by crossing. However, as 
appellant points out (Brief, page 12), claim 28 "specifies that the single locus was 
stably inserted into a corn genome. Loci that are stably inserted into a corn 
genome are also stably inherited. Thus the single locus need not have been 
inserted into the genome of corn variety 101 501 1 Accordingly, the 101 501 1 
plant may be transformed with the single locus, or another plant may be 
transformed with the single locus and then introduced into 1015011 by crossing. 

It may be that the examiner is concerned that by transforming a non- 
1015011 plant with a single locus and then introducing this locus into 101501 1 by 
crossing would result in a plant that does not retain all of the morphological and 
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physiological traits, or al] of the genome, of the 101501 1 plant. For the foregoing 
reasons, however, this line of reasoning is not persuasive. 
III. The single locus to be introduced : 

The examiner finds (Answer, page 41), "the claims do not place any limit 
on the single locus to be introduced" into 1015011 plants. The examiner 
recognizes, however, that "[t]he prior art shows that hundreds of nucleotide 
sequences encoding products that confer various types of plant traits have been 
isolated at the time the instant invention was filed." Id. In addition, the examiner 
recognizes (id.), "[o]ne skilled in the art can transform any of these isolated 
nucleotide sequences known in the prior art into a corn plant cell, and regenerate 
a transgenic plant from the transformed cell." 

Nevertheless, the examiner finds (Answer, page 42), "(u]ndue 
experimentation would be required by one skilled in the art to isolate single loci 
that govern the traits encompassed by the claims." In this regard, the examiner 
asserts (Answer, page 45) that the claims broadly encompass corn plants 
comprising any type of single loci, including those that have not yet been 
identified or isolated. To the extent that the examiner is asserting that appellant 
has not provided an enabling disclosure of single loci that have not been 
identified, we note that enablement under 35 U.S.C. § 1 12, first paragraph is 
evaluated as of appellant's filing date. As set forth in Chiron Corp. v. Genentech 
Inc. , 363 F.3d 1247, 1254, 70 USPQ2d 1321, 1325-26 (Fed. Cir. 2004), M a patent 
document cannot enable technology that arises after the date of application. 
The law does not expect an applicant to disclose knowledge invented or 
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developed after the filing date. Such disclosure would be impossible. See In re 
Hogan , 559 F.2d 595, 605-06 [194 USPQ 527] (CCPA 1977)." 

The examiner's comment, however, may be directed to his assertion 
(Answer, page 41) that "isolated loci whose products confer yield enhancement 
or enhanced yield stability (recited in claim 30), are not known in the prior art." 
However, as discussed, supra , it appears that contrary to the examiner's 
assertion a single locus that confers the trait of, for example, yield enhancement 
was known in the art prior to the filing date of the instant invention. In addition, 
as discussed, supra , appellant's specification asserts that such traits were known 
in the art. See specification, page 31 . Accordingly, as set forth in In re 
Marzocchi , 439 F.2d 220, 224, 169 USPQ 367, 370 (CCPA 1971), the burden is 
on 

the Patent Office, whenever a rejection on this basis is made, to 
explain why it doubts the truth or accuracy of any statement in a 
supporting disclosure and to back up assertions of its own with 
acceptable evidence or reasoning which is inconsistent with the 
contested statement. Otherwise, there would be no need for the 
applicant to go to the trouble and expense of supporting his 
presumptively accurate disclosure. 

On this record, we find only the examiner's unsupported conclusions as to 
why the specification does not enable the claimed invention. We remind the 
examiner that nothing more than objective enablement is required, and therefore 
it is irrelevant whether this teaching is provided through broad terminology or 
illustrative examples. Marzocchi , 439 F.2d at 223, 169 USPQ at 369. In the 
absence of an evidentiary basis to support the rejection, the examiner has not 
sustained his initial burden of establishing a prima facie case of non-enablement. 
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In this regard, we note that the burden of proof does not shift to appellant until 
the examiner first meets his burden. Marzocchi , 439 F.2d at 223-224, 169 
USPQ at 369-370. 

We also recognize the examiner's assertion (Answer, page 42) that claims 
27-29 "encompass plants with single loci whose functions are unknown ... [or 
where] the effects of expression of the single locus on the traits expressed by 
1015011 are unknown." While this may be true, the examiner has not provided 
any evidence to suggest that it would require undue experimentation to obtain a 
single locus converted plant wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in addition to the 
characteristics conferred by the single locus transferred into the inbred via the 
backcrossing technique. See specification, page 23. 

While it is not expressly stated in the text of the examiner's rejection, it 
may be that the examiner is concerned that the claims include inoperative 
embodiments. If so, the examiner is directed to Atlas Powder Co. v. E.I. DuPont 
De Nemours & Co. , 750 F.2d 1569, 1576-77, 224 USPQ 409, 414 (Fed. Cir. 
1984): 

Even if some of the claimed combinations were inoperative, the 
c claims are not necessarily invalid. "It is not a function of the claims 
to specifically exclude ... possible inoperative substances...." In re 
Dinh-Nquven , 492 F.2d 856, 859-59, 181 USPQ 46, 48 (CCPA 
1974)(emphasis omitted). Accord , In re Geerdes , 491 F.2d 1260, 
1265, 180 USPQ 789, 793 (CCPA 1974); In re Anderson , 471 F.2d 
1237, 1242, 176 USPQ 331, 334-35 (CCPA 1971). Of course, if 
the number of inoperative combinations becomes significant, and in 
effect forces one of ordinary skill in the art to experiment unduly in 
order to practice the claimed invention, the claims might indeed be 
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invalid. See e^ f In re Cook , 439 F.2d 730, 735, 169 USPQ 298, 
302 (CCPA1971). 

On this record, the examiner provides no evidence that the number of 
inoperative embodiments is so large that a person of ordinary skill in the art 
would have to experiment unduly to practice the claimed invention. To the 
contrary, the examiner recognizes (Answer, page 41) that "[t]he prior art shows 
that hundreds of nucleotide sequences encoding products that confer various 
types of plant traits have been isolated at the time the instant invention was 
filed"; and that M [o]ne skilled in the art can transform any of these isolated 
nucleotide sequences known in the prior art into a corn plant cell, and regenerate 
a transgenic plant from the transformed cell." Accordingly, we are not persuaded 
by the examiner's unsupported assertions. 

For the foregoing reasons, we reverse the rejection of claims 27-30 under 
the enablement provision of 35 U.S.C. § 112, first paragraph. 



Appeal No. 2004-1506 
Application No. 09/788,334 



Page 35 



SUMMARY 



We reverse the rejection of claims 3, 6, 1 1, 14-20. and 27-30 under 35 
U.S.C. § 112, second paragraph. 

We reverse the rejection of claims 6, 11, 24, 25 and 27-31 under the 
written description provision of 35 U.S.C. § 112, first paragraph. 

We reverse the rejection of claims 27-30 under the enablement provision 
of 35 U.S.C. § 1 12, first paragraph. 

Given appellant's stated intent to cancel claim 26, we did not considered 
the merits of the rejection of claim 26 under the written description provision of 
35 U.S.C. § 1 1 2, first paragraph. 



REVERSED 




Toni R. Scheiner 
Administrative Patent Judge 
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! AND INTERFERENCES 



Before SCHEINER, ADAMS and GREEN, Administrative Patent Judges . 
ADAMS, Administrative Patent Judge . 



DECISION ON APPEAL 
This is a decision on the appeal under 35 U.S.C. § 134 from the 
examiner's final rejection of claims 6, 12-19, 21 , 24, 26-28 and 30-31 . The 
examiner has indicated that claims 1-5, 7 and 9-1 1 are allowable. Page 3, Final 
Rejection, mailed July 1, 2003. Claims 20, 22, 23, 25. 29 and 32 are cancelled. 
The only remaining pending claim is claim 8. While appellant recognizes (Brief, 



1 This appeal is substantially similar to Appeal No. 2004-1 503, Application No. 09/606,808; 
Appeal No. 2004-1506; Application No. 09/788.334; Appeal No. 2004-2317. Application No. 
09/771.938; Appeal No. 2004-2343, Application No. 09/772.520; and Appeal No. 2005-0396, 
Application No. 10/077,589, which all share the same assignee, Monsanto Company, the parent 
of wholly-owned subsidiary DeKalb Genetics Corporation. Accordingly we have considered these 
appeals together. 
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page 2) that claim 8 was rejected in the Final Office Action 2 , appellant does not 
include claim 8 as part of the subject matter of the instant appeal. Id., see also , 
appellant's statement of the Issues on Appeal (Brief, page 3), which does not 
include claim 8. In this regard, we note, appellant's statement (Brief, page 19), 
"[t]he rejection of claim 8 concerns a minor clerical error easily corrected by 
amendment and thus has not been appealed. The examiner also recognized 
(Answer, bridging sentence, pages 2-3), "the indefiniteness rejection of claim 8 is 
not being contested...." Since appellant has conceded tolhe examiner's 
rejection of claim 8 and has not placed claim 8 before us on appeal, we have not 
considered claim 8 in our deliberations. 

Claims 6, 12, 17, 19, 26 and 30 are illustrative of the subject matter on 
appeal and are reproduced below. In addition, for convenience, we have 
reproduced allowable claims 1 , 2, and 1 1 below: 

1 . Seed of com inbred line designated LH321 , representative seed of said 
line having been deposited under ATCC Accession No. . 

2. A corn plant, or parts thereof, produced by growing the seed of claim 1 . 

6. The com plant of claim 2, wherein said plant is further defined as 
comprising a gene conferring male sterility. 

11. A method for producing a hybrid corn seed comprising crossing a first 
inbred parent com plant with a second inbred parent corn plant and 
harvesting the resultant hybrid com seed, wherein said first inbred parent 
com plant or second said parent com plant is the corn plant of claim 2. 



2 According to the examiner (page 3, Final Rejection, mailed July 1, 2003), claim 8 remains 
"rejected under 35 U.S.C. [§] 112, second paragraph, as being indefinite for failing to particularly 
point out and distinctly claim the subject matter which applicant regards as the invention, as 
stated on pages 10-11 of the last Office [AJction." At page 10 of this "last" Office Action, mailed 
January 13, 2003, the examiner finds "[cjlaim 8 is indefinite in its recitation in line 1 of 
*the...protoplasts' which lacks antecedent basis in claim 6. Amendment of claim 8, line 1 to delete 
'the* before 'cells' would obviate this rejection." 
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12. A hybrid corn seed produced by the method of claim 11. 

17. A method for producing inbred LH321 seed, representative seed of which 
have been deposited under ATCC Accession No. , comprising: 

a) planting a collection of seed comprising seed of a hybrid, one of 
whose parents is inbred LH321, said collection also comprising 
seed of said inbred; 

b) growing plants from said collection of seed; 

c) identifying inbred parent plants; 

d) controlling pollination in a manner which preserves the 
homozygosity of said inbred parent plant; and 

e) harvesting the resultant seed. 

19. A method for producing a LH321-derived com plant, comprising: 

a) Crossing inbred corn line LH321, representative seed of said line . 

having been deposited under ATCC [Accession [NJumber _J , 

with a second corn plant to yield progeny corn seed; and 

b) Growing said progeny corn seed, under plant growth conditions, to 
yield said LH321 -derived com plant. 

26. The corn plant, or parts thereof, of claim 2, wherein the plant or parts 
thereof have been transformed so that its genetic material contains one 
or more transgenes operably linked to one or more regulatory elements. 

30. A method for developing a corn plant in a com plant breeding program 
using plant breeding techniques comprising employing a corn plant, or its 
parts, as a source of plant breeding material comprising: using the corn 
plant, or its parts, of claim 2 as a source of said breeding material. 

The references relied upon by the examiner are: 

Hunsperger et al. (Hunsperger) 5,523,520 Jun. 4, 1996 

Eshed et al. (Eshed), "Less-Than-Additive Epistatic Interactions of Quantitative 
Trait Loci in Tomato," Genetics , Vol. 143, pp. 1807-17 (1996) 

Kraft et al. (Kraft), "Linkage Disequilibrium and Fingerprinting in Sugar Beet," 
Theoretical and Applied Genetics . Vol. 101, pp. 323-36 (2000) 
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GROUNDS OF REJECTION 

Claim 6 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of the phrase "further defined as comprising a gene 
conferring male sterility." 

Claims 26-28 stand rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of the phrase "transformed so that its genetic material 
contains one or more transgenes." 

Claims 6, 12-19, 21, 24, 26-28, 30, and 31 stand rejected under the 
written description provision of 35 U.S.C. § 1 12, first paragraph. 

Claims 6, 12-19, 21, 24, 26-28, 30 and 31 stand rejected under the 
enablement provision of 35 U.S.C. § 112, first paragraph. 

We reverse. 

BACKGROUND 

According to paragraph 23 of appellant's specification, the present 
invention 

relates to the seeds of inbred corn line LH321 , to the plants [and 
plant parts] of inbred com line LH321 and to methods for producing 
a com plant produced by crossing the inbred line LH321 with itself 
or another com line, and to methods for producing a corn plant 
containing in its genetic material one or more transgenes and to the 
transgenic com plants produced by that method. 

Paragraphs 44-55 of appellant's specification disclose morphologic and "other" 

characteristics of the inbred com line LH321 . On this record the examiner has 

indicated that claims drawn to plants, plant parts, and seed of the corn variety 

designated LH321 are allowable. See e.g. , claims 1-5, 7, and 10, and page 3 of 
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the Final Rejection, mailed July 1, 2003 t wherein the examiner states M [c]laims 1- 
5, 7 and ... [1 0] are allowed." 

A second aspect of the present invention comprises "hybrid corn seeds 
and plants produced by crossing the inbred line LH321 with another corn line/ 
Specification, paragraph 23, see also claims 12-16. On this record the examiner 
has indicated that claims drawn to a process of producing corn seed wherein the 
process comprises crossing a first parent corn plant with a second parent corn 
plant are allowable. See e^, claim 1 1 , and Final Rejection, mailed July 1 , 2003, 
wherein the examiner states claim 1 1 is allowed. 

A third aspect of the present invention is a com plant from the inbred com 

line LH321 further comprising "a cytoplasmic factor that is capable of conferring 

male sterility" (specification, paragraph 24); or transformed so that its genetic 

material contains one or more transgenes operably linked to one or more 

regulatory elements" (see e.g. . claims 26-28). As appellant explains 

(specification, paragraph 13), u [l]t should be understood that the inbred can, 

through routine manipulation of cytoplasmic or other factors, be produced in a 

male-sterile form." According to appellant (specification, paragraph 67) 

scientists in the filed of plant biology developed a strong interest in 
engineering the genome of plants to confer and express foreign 
genes, or additional , or modified versions of native, or 
endogenous, genes (perhaps driven by different promoters) in 
order to alter the traits of a plant in a specific manner. Such foreign 
additional and/or modified genes are referred to herein collectively 
as "transgenes". Over the last fifteen to twenty years several 
methods for producing transgenic plants have been developed, and 
the present invention, in particular embodiments, also relates to 
transformed versions of the claimed inbred line. 
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A final aspect of the present invention is directed to a process of 

producing an inbred com plant derived from a plant of the inbred corn line LH321 

(see e.g. , claims 1 1 , 19 and 30), as well as hybrid plants and seed resulting from 

such a process (see e^gL, claims 12-16). As discussed, supra , the examiner has 

indicated that claim 1 1 was allowable. According to appellant's specification 

(paragraph 56), 

[t]his invention is also directed to methods for producing a corn 
plant by crossing a first parent com plant with a second parent corn 
plant, wherein the first or second corn plant is the inbred corn plant 
from the line LH321 . Further, both first and second parent corn 
plants may be from the inbred line LH321. Therefore, any methods 
using the inbred com line LH321 are part of this invention: selfing, 
backcrosses, hybrid breeding, and crosses to populations. Any 
plants produced using inbred corn line LH321 as a parent are 
within the scope of this invention. 

Against this backdrop, we now consider the rejections of record. 

DISCUSSION 

Definiteness : 

Claims 6 and 26-28 stand rejected under 35 U.S.C. § 112, second 
paragraph. For the following reasons we reverse. 

Claim 6 

According to the examiner (Answer, page 3), "the recitation 'further 
defined as comprising a gene conferring male sterility' ... appears to broaden the 
scope of its parent claim, or to raise some doubt as to whether the corn plant of 
claim 6 must be male sterile." In this regard, the examiner finds (ig\). "[t]he 
specification does not define plants expressing all the physiological and 
morphological characteristics of LH321 as being male sterile, or as comprising a 
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gene that confers male sterility; in fact, the plant of claim 2 (from which claim 6 
depends) is male fertile." 

Initially, we note that claim 6 does not require that the corn plant express 
all the physiological and morphological characteristics of LH321 . To the 
contrary, this appears to be the subject matter of claim 5, which the examiner 
has indicated to be allowable. Page 3, Final Rejection, mailed July 1, 2003. As 
we understand claim it, claim 6 is drawn to a com plant, or parts thereof, 
produced by growing the seed of claim 1 , wherein the plant or plant parts further, 
comprise a gene conferring male sterility. In our opinion, claim 6 further limits 
the subject matter of claim 2, by requiring the plant of claim 2 to further comprise 
a gene conferring male sterility. Accordingly/we disagree with the examiner that 
claim 6 fails to further limit the subject matter of claim 2, from which it depends. 

In addition, we fail to understand the examiner's statement that "claim 6 
does not incorporate all elements of the parent claim [(claim 2)]. w As discussed 
above, claim 6 depends from claim 2, thus all the elements of claim 2 are 
present in claim 6. Claim 6, however, possesses an additional limitation not 
found in claim 2 - a gene conferring male sterility. Thus, the male fertile plant of 
claim 2, is now male sterile as a result of the additional limitation added in claim 
6. The examiner provides no evidence that male fertile plants cannot be made 
male sterile. To the contrary, we recognize the examiner's suggestion that 
appellant add two new claims drawn to (1 ) "[a] method of producing a male 
sterile corn plant comprising transforming the plant of claim 2 with nucleic acid 
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molecule that confers male sterility; and (2) u [a] male sterile corn plant produced 
by the ..." suggested method claim above. 

Notwithstanding the examiner's assertion to the contrary, in our opinion, a 
person of ordinary skill in the art would understand what is claimed. Amgen Inc. 
v. Chugai Pharmaceutical Co., Ltd. . 927 F.2d 1200, 1217, 18 USPQ2d 1016, 
1030 (Fed. Cir. 1991). Accordingly, we reverse the rejection of claim 6 under 35 
U.S.C. § 1 12, second paragraph. 

Claims 26-28 

According to the examiner (Answer, page 4), the recitation in claim 26 that 
the claimed corn plant be "'transformed so that its genetic material contains one 
or more transgenes' ... appears to broaden the scope of claim 2, or raises some 
doubt as to whether the plant has all of the traits expressed by the plant of claim 
2." According to the examiner (id.), u [s]ince claim 2 is drawn to a plant with 
defined characteristics and genotypes which exclude the presence of introduced 
transgenes, it is confusing to characterize these plants as comprising additional 
genes." In addition, the examiner finds (id.), "[dependent claims 27-28 fail to 
remedy the deficiency of claim 26. 

As with the discussion of claim 6 above, claim 26 simply adds a further 
limitation to claim 2. Specifically, that the plant or plant parts of claim 2 "have 
been transformed so that its genetic material contains one or more transgenes 
operably linked to one or more regulatory elements." Accordingly, 
notwithstanding the examiner's assertion to the contrary, in our opinion, a person 
of ordinary skill in the art would understand what is claimed. Amgen Inc. v. 
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Chuqai Pharmaceutical Co.. Ltd. , 927 F.2d 1200, 1217, 18 USPQ2d 1016, 1030 
(Fed. Cir. 1991). Accordingly, we reverse the rejection of claims 26-28 under 35 
U.S.C. § 1 12, second paragraph. 



Written Description : 

Claims 6, 12-19, 21, 24, 26-28, 30 and 31 stand rejected under the written 
description provision of 35 U.S.C. § 112, first paragraph. 

Claims 12-16 

According to the examiner (Answer, page 7), 

A review of the language of claims 1 2-1 6 indicates that the claims 
are drawn to a genus, i.e., any and all hybrid corn seeds, and the 
hybrid corn plants produced by growing said hybrid seeds, wherein 
the hybrid seeds are produced by crossing inbred corn plant LH321 
with any second, distinct inbred corn plant. Variation is expected in 
the complete genomes and phenotypes of the different hybrid 
species of the genus, since each hybrid has one non-LH321 parent 
that is not shared with the other hybrids. Each of the hybrids would 
inherit a different set of alleles from the non-LH321 inbred parent. 
As a result, the complete genomic structure of each hybrid, and 
therefore the morphological and physiological characteristics 
expressed by each hybrid, would differ. 

Accordingly the examiner finds (Answer, page 13), 

[g]iven the lack of written description in the specification regarding 
any of a multitude of hon-LH321 parents to be used in a 
backcrossing breeding method or any other classical breeding 
method, one skilled in the art would not have recognized Appellant 
to have been in possession of the claimed hybrids or progeny 
plants as recited in claims ... 12-16. 
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As we understand it, the examiner's concern (see e.g. , Answer, pages 15- 
16) is that since the hybrids inherit only 1 / 2 of their diploid 3 set of chromosomes 
from the plant of corn variety LH321 , a person of skill in the art would not have 
viewed the teachings of the specification as sufficient to demonstrate that 
appellant was in possession of the genus of hybrid seeds and plants 
encompassed by claims 12-16. According to the examiner (Answer, page 16), 
"[t]hat all hybrids will inherit half of their alleles from LH321 does not provide any 
information concerning the morphological and physiological characteristics that 
will be expressed by the claimed hybrids." 

There is no doubt that the expressed gene products of a hybrid plant, e.g., 
the morphological and physiological traits, of LH321 and a non-LH321 corn plant 
will depend on the combination of the genetic material inherited from both 
parents. See Answer, page 22. Nevertheless, we disagree with the examiner's 
conclusion (idj "[t]hat all hybrids will inherit half of their alleles from LH321 does 
not provide any information concerning the morphological and physiological 
characteristics that will be expressed by the claimed hybrids." 

On these facts, we find it necessary to take a step back and consider what 
is claimed. As we understand the them, the claims are drawn to a F/ hybrid 
seed (claims 12, 14 and 15) or plant/plant part (claim 13, and 16) resulting from a 

3 According to appellant's specification (page 21), M [i]n a diploid cell or organism, the two alleles of 
a given gene occupy corresponding loci on a pair of homologous chromosomes." Stated 
differently, diploid means a cell or organism having two sets of chromosomes. 

4 According to appellant's specification (page 3), M [a] single-cross hybrid is produced when two 
inbred lines are crossed to produce the F, progeny." 
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cross between the inbred corn plant LH321 and a non-LH321 corn plant. The 
claims do not require the hybrid to express any particular morphological or 
physiological characteristic. Nor do the claims require that a particular non- 
LH321 com variety be used. 5 All that is required by the claims is that the F, 
hybrid has one parent that is a plant of com variety LH321. Since the examiner 
has indicated that the seed and the plant of the inbred line LH321 are allowable 
(see claims 1 and 2), there can be no doubt that the specification provides an 
adequate written description of this inbred corn line. In addition, the examiner . 
recognizes (Answer, page 7) that appellant's specification describes four 
exemplary hybrids wherein one parent was a plant of the inbred corn line LH321 , 
see e^, specification, pages 31-33. Accordingly, it is unclear to this merits 
panel what additional description is necessary. 

As set forth above, the purpose of the written description requirement is to 
"ensure that the scope of the right to exclude, as set forth in the claims does not 
overreach the scope of the inventor's contribution to the field of art as described 
in the patent specification." Reiffin . Here the F, hybrid seed or plant has one 
parent that is a plant of the inbred line LH321 . To that end, to satisfy the written 
description requirement, the inventor "must convey With reasonable clarity to 
those skilled in the art that, as of the filing date sought, he or she was in 
possession of the invention" [emphasis added]. Vas-Cath Inc. v. Mahurkar . 935 
F.2d 1555, 1563-64, 19 USPQ2d 1111, 1117 (Fed. Cir. 1991). For the foregoing 



5 According to appellant (Brief, page 16). "hundreds or even thousands of other maize plants . 
were known at the time the application was filed...." 
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reasons it is our opinion that appellant has provided an adequate written 

description of the subject matter set forth in claims 12-16. Accordingly, we 

reverse the rejection of claims 12-1 6 under the written description provision of 35 

U.S.C. § 112, first paragraph. 

Claims 17-19, 21, 24, 30 and 31 s 

According to the examiner (Answer, page 12), "[cjlaims 19, 21, 24, 30 and 

31 read on processes involving the repeated outcrossing of the exemplified 

inbred to multitude of genetically unrelated and uncharacterized corn plants for . 

multiple generations." As the examiner explains (id.), "LH321 may be used only 

in the initial cross, and then the progeny of this cross may be crossed to a 

multitude of unrelated and uncharacterized corn plants for up to 7 times (as 

recited in claim 21 ) or ad infinitum (as claimed in claims 1 9, 24, 30 and 31 )." In 

this regard, the examiner finds (id.), 

[t]he specification fails to disclose or describe any progeny resulting 
from such crosses, wherein said progeny could contain only a small 
portion of the LH321 genome, if any at all, and wherein said 
progeny would contain a majority of undisclosed and 
uncharacterized genetic material from a multitude of undisclosed 
and uncharacterized parents. Furthermore, no description has 
been provided for the progeny of such crosses with regard to even 
one morphological trait of said progeny containing a majority of 
non-LH321 genetic material. 

Thus, the examiner concludes (Answer, page 13), "given the lack of an adequate 

written description of the claimed progeny plants, any method of using said 



6 We note that while the examiner includes (Answer, page 13) claims 17 and 18 with claims 19, 
21, 24, 30 and 31 in concluding that the claims are inadequately described, the examiner has 
explained (Answer, pages 12-13) the basis of this rejection as it applies to claims 19, 21, 24, 30 
and 31. 
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progeny plants in further crosses, as claimed in claims 17-19, 21 , 24, 30 and 31 , 
would also be inadequately described. 

As we understand the examiner's argument, not only does appellant have 
to provide a written description of the starting corn plant (LH321), but appellant 
also must look into the future to determine every other potential corn plant that 
someone may wish to cross with the LH321 inbred line, and provide written 
descriptive support for not only every other corn plant that could be crossed with 
this line, but also the resulting progeny of each cross. 

As set forth in Reiffin, the purpose of the written description requirement is 
to "ensure that the scope of the right to exclude, as set forth in the claims does 
not overreach the scope of the inventor's contribution to the field of art as 
described in the patent specification." Here the method of producing an inbred 
com plant requires a plant of the inbred corn line LH321 be used as the starting 
material. To that end, to satisfy the written description requirement, the inventor 
"must convey with reasonable clarity to those skilled in the art that, as of the filing 
date sought , he or she was in possession of the invention" [emphasis added]. 
Vas-Cath . The examiner has indicated that a claim to the plant of the inbred 
com line LH321 is allowable, see e^cj., appellant's claim 2. Therefore, in our 
opinion, there can be no doubt that appellant was in possession of this plant, in 
addition to a method of using that plant to cross with any other corn plant to 
produce an inbred corn plant as set forth in claims 17-19, 21, 24, 30 and 31. 

In our opinion, it matters not what the other corn plants are, or what the 
progeny of a cross between the LH321 inbred line and some other corn plant 
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represents. The inventions of claims 17-19, 21 , 24, 30 and 31 are drawn to the 

use of the LH321 inbred line as the starting material 7 to produce an inbred corn 

plant. In this regard, we emphasize, the claims are not drawn to a seed or plant 

that is the result of such a cross. Therefore, we are not persuaded by the 

examiner's assertion (Answer, page 11), 

[t]he product of the method of claim 31, ... would contain 
substantial amounts of non-LH321 genetic material [that] has not 
been characterized or described, because the collection of traits 
that it possesses has not been disclosed, and because it contains 
substantial amounts of non-LH321 genetic materiaLwhich itself has 
not been described. 

Accordingly, for the foregoing reasons, it is our opinion that appellant has 
M convey[ed] with reasonable clarity to those skilled in the art that, as of the filing 
date sought, [they were] in possession of the invention," Vas-Cath (emphasis 
omitted). Therefore, we reverse the rejection of claims 17-19, 21, 24, 30 and 31 
under the written description provision of 35 U.S.C. [§] 112, first paragraph. 

Claims 6 and 26-28 

According to the examiner (Answer, page 13), M [c]laims 26-28 are drawn 
towards L321 plants further comprising a foreign gene ('transgene') which was 
previously isolated as a piece of DNA, and then stably inserted into the corn 
genome by transformation." The examiner finds, however, that "the specification 
does not describe identified or isolated single loci for all corn plant traits/' 
Answer, page 14. More specifically, the examiner finds (id.), claims 26-28 



7 See Answer, page 12, wherein the examiner also recognizes that M LH321 may be used only in 
the initial cross...." 
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"broadly encompass single loci that have not been discovered or isolated." To 
the extent that the examiner is asserting that appellant has not provided an 
enabling disclosure of single loci that have not been identified, we note that to 
satisfy the written description requirement, the inventor "must convey with 
reasonable clarity to those skilled in the art that, as of the filing date sought , he 
or she was in possession of the invention" [emphasis added]. Vas-Cath . 

Nevertheless, it may be that the examiner's concern (Answer, page 22), is 
that "isolated single genes or loci that confer yield enhancement or yield stability - 
... have not been discovered or isolated. . .." In this regard, we note the 
examiner's assertion (id.), "[ajppellant cannot be in possession of LH321 plants 
transformed with gerie(s) conferring these traits." The examiner, however, 
provides no evidence to support the assertion that a person of ordinary skill in 
the art would not recognize that single loci for yield enhancement or yield stability 
are known in the art. In this regard, we note that appellant discloses 
(specification, paragraph 133), "[m]any single locus traits have been identified ... 
examples of these traits include, but are not limited to, ... enhanced nutritional 
quality, industrial usage, yield stability, and yield enhancement." It appears that 
the examiner has overlooked appellant's assertion that single locus traits for 
yield stability and yield enhancement are well known in the art. To this end, we 
direct the examiner's attention to, for example, United States Patent No. 
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5,936,145 ('145) 8 , issued August 10, 1999, which is prior to the filing date of the 
instant application. For clarity, we reproduce claims 8, 29 and 39 of the '145 
patent below: 

8. A corn plant having all the physiological and morphological 

characteristics of corn plant 87DIA4, a sample of the seed of said corn 
plant having been deposited under ATCC Accession No. 203192. 

29. The corn plant of claim 8, further comprising a single gene conversion. 

39. The single gene conversion of the corn plant of claim 29, where the 
gene confers enhanced yield stability. 

As we understand it, claim 39 of the '145 patent, is drawn to a corn plant which . 

comprises a single gene conversion, wherein the gene confers enhanced yield 

stability. Thus, contrary to the examiner's assertion it appears, for exampie, that 

a single gene that confers enhanced yield stability was known in the art prior to 

the filing date of the instant application. We remind the examiner "a patent need 

not teach, and preferably omits, what is well known in the art." Hybritech 

Incorporated v. Monoclonal Antibodies, Inc. 802 F.2d 1367, 1385, 231 USPQ 81, 

94 (Fed. Cir. 1986). 

We remind the examiner that the inquiry into whether the description 

requirement is met must be determined on a case-by-case basis and is a 

question of fact. In re Wertheim , 541 F.2d 257, 262, 191 USPQ 90, 96 (CCPA 

1976). A description as filed is presumed to be adequate; unless or until 

sufficient evidence or reasoning to the contrary has been presented by the 



8 We note that the assignee of the '145 patent is DeKalb Genetics Corporation. The assignee of 
the present application is Monsanto Company, the parent of wholly-owned subsidiary DeKalb 
Genetics Corporation. 
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examiner to rebut the presumption. See e.g. , In re Marzocchi , 439 F.2d 220, 
224, 169 USPQ 367, 370 (CCPA 1971). The examiner, therefore, must have a 
reasonable basis to challenge the adequacy of the written description. 
Accordingly, it is the examiner who has the initial burden of establishing by a 
preponderance of evidence that a person skilled in the art would not recognize in 
an applicant's disclosure a description of the invention defined by the claims. 
Wertheim , 541 F.2d at 263, 191 USPQ at 97. On this record, the examiner 
provides no evidence to support the assertion that single loci that govern, for 
example, yield enhancement or enhanced yield stability are not described. 

Furthermore, we recognize the examiner's assertion (Answer, page 13) 
that "one skilled in the art would not have recognized [ajppellant to have been in 
possession of the claimed hybrids or progeny plants as recited in claim[ ] 6...." 
As we understand it, claim 6 is drawn to a corn plant produced by growing the 
seed of corn inbred line LH321 further defined as comprising a gene conferring 
male sterility. The examiner has provided no evidence on this record as to why 
such a corn plant is not adequately described in appellant's specification. In this 
regard, we note that in the rejection under 35 U.S.C. § 1 12, second paragraph, 
the examiner suggested adding two new claims directed at (1) a method of 
producing a male sterile com plant comprising transforming the plant of claim 2 
with a nucleic acid molecule that confers male sterility, and (2) a male sterile 
corn plant produced by the method set forth above. Accordingly, we are not 
persuaded by the examiner's assertion that the specification does not provide an 
adequate written description of claim 6. 
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Further, we direct the examiner's attention to claim 16 of related Appeal 
Nos. 2005-1506 and 2004-2317, which differ from claim 6 on this record only in 
the variety of corn. In addition, we note that the disclosure of Appeal Nos. 2005- 
1506 and 2004-2317 and the instant application are substantially similar. 
However, in both Appeal Nos. 2005-1506 and 2004-2317 the examiner 
apparently found that appellant's specification provided an adequate written 
description of claim 16 as no rejection of this claim was made under the written 
description provision of 35 U.S.C. § 1 12, first paragraph. Accordingly, we find 
that the examiner has treated claim 6 in a manner that is inconsistent with the 
prosecution of similar claims in related applications 09/788,334 and 09/771938, 
which is the subject matter of Appeal Nos. 2004-1506 and 2004-2317 
respectively. 

For the foregoing reasons, we are not persuaded by the examiner's 
arguments. Accordingly, we reveTse the rejection of claims 6 and 26-28 under 
the written description provision of 35 U.S.C. [§] 112, first paragraph. 

Summary 

For the foregoing reasons, we reverse the rejection of claims 6, 12-19, 21, 
24, 26-28, 30 and 31 under the written description provision of 35 U.S.C. § 112, 
first paragraph. 



Enablement : 

Claims 6, 12-19, 21, 24, 26-28, 30 and 31 stand rejected under the 
enablement provision of 35 U.S.C. § 1 12, first paragraph. The examiner finds 
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(Answer, page 39), claims 27-30 "are broadly drawn towards inbred corn plant 
101501 1 further defined as having a genome comprising any single locus 
Conversion, encoding any trait; or wherein the single locus was stably inserted 
into a corn genome by transformation." The examiner presents several lines of 
argument under this heading. We take each in turn. 
I- Retaining the morphological fidelity of the original inbred line : 

According to the examiner (Answer, page 30, emphasis added), "[l]t is not 
clear that single loci may be introduced into the genetic background of a plant 
through traditional breeding, while otherwise maintaining the genetic and 
morphological fidelity of the original inbred variety...." With reference to 
Hunsperger, Kraft, and Eshed the examiner asserts (Answer, page 38), "[t]he 
rejection raises the issue of how linkage drag hampers the insertion of single 
genes alone into a plant by backcrossing, while recovering all of the original 
plant's genome." 

We note, however, that claims 26-28 (those which are drawn to a plant 

transformed with one or more transgenes) do not reguire that the plant maintain 

the genetic and morphological fidelity of the original inbred variety. Nor do 

claims 26-28 require that the resultant plant retain all of the "original plant's 

genome " as a result of a backcrossing technique. As appellant explains 

(specification, paragraph 41 , emphasis added), 

[sjingle locus converted or conversion plant refers to plants which 
are developed by a plant breeding technique called backcrossing 
wherein essentially all of the desired morphological and 
physiological characteristics of an inbred are recovered in addition 
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to the single locus transferred into the inbred via the backcrossing 
technique or via genetic engineering. 

We find nothing in the appellant's specification to indicate that the single locus 

converted plant retains all of the morphological and physiological traits, or all of 

the genome, of the parent plant in addition to the single locus transferred via the 

backcrossing technique. Accordingly, we disagree with the examiner's 

assertions to the contrary. 

Further, while the examiner does not explain the basis for the rejection of 

claim 6 under this heading, we note as discussed supra , claim 6 is drawn to a 

corn plant produced by growing the seed of corn inbred line LH321 further 

defined as comprising a gene conferring male sterility. In this regard, we note 

that appellant's specification discloses (paragraph 19), "several methods of 

conferring genetic male sterility [that are] available [in the art]." We find no 

evidence in the Answer to suggest this disclosure in appellant's specification is 

incorrect, or insufficient. In addition, we note that the examiner's rejection of 

claim 6 is inconsistent with the manner in which a similar claim was treated in 

related applications 09/788,334 and 09/771,938, the subject matter of Appeal 

Nos. 2004-1506 and 2004-2317 respectively. Claim 16 of related applications 

09/788,334 and 09/771 ,938, differs from claim 6 of the instant application only 

with regard to the corn variety. Nevertheless, while the disclosure in these 

related applications is substantially similar to the disclosure of the instant 

application, claim 16 was not rejected under the enablement provision of 35 
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U.S.C. § 1 12, first paragraph, in either of related applications 09/788,334 or 
09/771,938. 

Further, we recognize appellant's argument (Brief, page 16) that the 

examiner failed to establish a nexus between Hunsperger's discussion of 

petunias; Kraft's discussion of sugar beets; and Eshed's discussion of tomatoes, 

and the subject matter of the instant application - corn. Absent evidence to the 

contrary, we agree with appellant (id.), "the [examiner's] indication 191 that the 

references concerning petunias, sugar beets and tomatoes apply to corn is 

made without any support." That the examiner has failed to identify (Answer, 

page Answer, page 38) an example "in the prior art of plants in which linkage 

drag does not occur," does not mean that linkage drag is expected to occur in 

corn breeding, which according to appellant (Brief, page 16) "is extremely 

advanced and well known in the art." In this regard, we agree with appellant 

(Brief, pages 16-17), the examiner has improperly placed the burden on 

appellant to demonstrate that the examiner's unsupported assertion is not true. 

We remind the examiner, as set forth in In re Wright , 999 F.2d 1557, 1561-62, 27 

USPQ2d 1510, 1513 (Fed. Cir. 1993): 

When rejecting a claim under the enablement requirement of 
section 112, the PTO bears an initial burden of setting forth a 
reasonable explanation as to why it believes that the scope of 
protection provided by that claim is not adequately enabled by the 
description of the invention provided in the specification of the 
application; this includes, of course, providing sufficient reasons for 
doubting any assertions in the specification as to the scope of 
enablement. 

9 See Answer page 38, wherein the examiner asserts "(l]inkage drag appears to be a 
phenomenon that occurs in all plant types." 
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II. Corn molecular genetic markers : 

According to the examiner (Answer, page 27), 

[n]o guidance has been provided for the identification of any 
molecular genetic markers such as restriction fragment length 
polymorphisms [RFLPs] as claimed in claim 31, wherein said 
genetic molecular markers have been demonstrated to be inked to 
corn genes conferring agronomically desirable traits, or their use to 
breed and obtain improved corn genotypes using LH321 as the 
starting material. 

Admittedly, we find the examiner's statement less than clear. However, 
as we understand it the examiner finds that the specification fails to enable claim. 
31 because a link between genes conferring agronomically desirable traits and 
RFLPs has not been established. However, as we understand claim it, claim 31 
is drawn to a method of using a plant from ih6 LH321 inbred corn line as the 
source of plant breeding material in the development of a corn plant in a com 
plant breeding program using plant breeding techniques which are selected from 
the group consisting of: recurrent selection, backcrossing, pedigree breeding, 
RFLP enhanced selection, genetic marker enhanced selection, and 
transformation. As appellant discloses (specification, paragraph 3), "[t]he 
complexity of inheritance influences choice of the breeding method." Appellant 
then provides a description of various breeding methods. See e.g. , specification, 
paragraphs 3-13. In addition, appellant discloses (specification, ape 14), several 
reference books wherein "[descriptions of other breeding methods that are 
commonly used for different traits and crops can be found In addition, 
appellant provides a description of various marker genes. See e.g. , 
specification, paragraphs 69-75. Further, appellant discloses (specification, 
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paragraph 91), M [f]or the relatively small number of transgenic plants that show 

higher levels of expression, a genetic map can be generated, primarily via 

conventional FRLP, PCR and SSR analysis, which identifies the approximate 

chromosomal location of the integrated DNA molecule." In addition, appellant 

provides a reference "for exemplary methodologies in this regard..." Id. Faced 

with this disclosure, the examiner provides no evidence to support his assertion 

that appellant's specification does not provide an enabling disclosure of the 

invention set forth in claim 31. 

As set forth in In re Marzocchi , 439 F.2d 220, 224, 169 USPQ 367, 370 

(CCPA 1971), the burden is on 

the Patent Office, whenever a rejection on this basis is made, to 
explain why it doubts the truth or accuracy of any statement in a 
supporting disclosure and to back up assertions of its own with 
acceptable evidence or reasoning which is inconsistent with the 
contested statement. Otherwise, there would be no need for the 
applicant to go to the trouble and expense of supporting his 
presumptively accurate disclosure. 

On this record, we find only the examiner's unsupported conclusions as to why 

the specification does not enable the claimed invention. We remind the 

examiner that nothing more than objective enablement is required, and therefore 

it is irrelevant whether this teaching is provided through broad terminology or 

illustrative examples. Marzocchi , 439 F.2d at 223, 169 USPQ at 369. In the 

absence of an evidentiary basis to support the rejection, the examiner has not 

sustained his initial burden of establishing a prima facie case of non-enablement. 

In this regard, we note that the burden of proof does not shift to appellant until 
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the examiner first meets his burden. Marzocchi , 439 F.2d at 223-224, 169 
USPQ at 369-370. 

Accordingly, we are not persuaded by the examiner's comments. 
III. Non-exemplified breeding partners : 

The examiner finds (Answer, page 27), "[n]o guidance has been provided 
regarding the morphological or genetic compositions of a multitude of non- 
exemplified breeding partners for crossing with LH321 According to the 
examiner this is true whether a single cross is preformed to produce a hybrid 
corn plant as claimed in claims 12-16, or multiple crosses with non-LH321 
parents over multiple generations as claimed in claims 19, 21, 24, 30 and 31, 
with or without multiple non-disclosed parents. 10 
Claims 12-16 : 

As discussed supra , the examiner has interpreted these claims as 
directed to the product of a single cross of a LH321 plant and a non-LH321 plant. 
See Answer, page 5, and 27. Accordingly, as we understand this record, claims 
12-16 are drawn to F, hybrid seed, plant, or plant parts. The claims do not 
require the hybrid to express any particular morphological or physiological 



10 We note that the examiner includes claim 14 in a discussion of "multiple crosses with non- 
LH321 parents over multiple generations." However, as we understand the claim, claim 14 is 
drawn to the seed produced by growing the corn plant of claim 13 and harvesting the resultant 
com seed. Accordingly, it appears that the examiner has inadvertently included claim 14 together 
with claims 19, 21 , 24, 30 and 31. As we understand claim 14, it should have been included with 
the rejection of claims 12, 13, 1 5 and 16. See e.g. , Answer, page 5, wherein the examiner's 
treatment of claims 12-16 together as "drawn towards any hybrid corn seed produced by the 
process of crossing the inbred corn plant LH321 with any second, distinct, inbred corn plant; and 
any hybrid corn plant produced by growing said hybrid corn seed (claims 12-16). Accordingly, 
we have considered the examiner's argument regarding claim 14 together with claims 12, 13. 15 
and 16. 
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characteristic. Nor do the claims require that a particular non-LH321 corn variety 
be used. All that is required by the claims is that the F t hybrid has one parent 
that is a plant of corn variety LH321 . 

Since the examiner has indicated that the seed and the plant of the inbred 
line LH321 are allowable (see claims 1 and 2), there can be no doubt that the 
specification provides an adequate written description of this inbred corn line. In 
addition, the examiner recognizes (Answer, page 7) that appellants specification 
describes four exemplary hybrids wherein one parent was 3 plant of the inbred . 
corn line LH321, see e.g. , specification, pages 31-33. Accordingly, it is unclear 
to this merits panel what additional enabling description is necessary. In our 
opinion, appellant's specification provides an enabling description of F, hybrids 
wherein one parent is a corn plant of the LH321 inbred line. 
Claims 17-19, 21, 24, 30 and 31 : 

We understand these claims to be drawn to methods of producing plants 
derived from LH321. Stated differently, the claims are drawn to methods of 
using LH321 inbred corn plants as the starting material to produce other inbred 
lines. In our opinion, it matters not what the other corn plants are, or what the 
progeny of a cross between the LH321 inbred line and some other corn plant 
represents. The inventions of claims 17-19, 21, 24, 30 and 31 are drawn to the 
use of the LH321 inbred line as the starting material 11 to produce an inbred corn 
plant. In this regard, we emphasize, these claims are not drawn to a seed or 



11 See Answer, page 12, wherein the examiner also recognizes that "LH321 may be used only in 
the initial cross...." 
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plant that is the result of such a cross. The examiner has provided no evidence 
on this record that person of ordinary skill in the art could not produce another 
inbred line, which uses a corn plant of the LH321 inbred line as the starting 
material. Therefore, we are not persuaded by the examiner's unsupported 
assertions to the contrary. 

Accordingly, for the foregoing reasons, we reverse the rejection of claims 
6, 12-19, 21, 24, 26-28, 30 and 31 under the enablement provision of 35 U.S.C. 
§ 112, first paragraph. 

SUMMARY 

We reverse the rejection of claims 6 and 26-28 under 35 U.S.C. § 112, 
second paragraph. 

We reverse the rejection of claims 6, 12-19, 21, 24, 26-28, 30 and 31 
under the written description provision of 35 U.S.C. § 1 12, first paragraph. 

We reverse the rejection of claims 6, 12-19, 21, 24, 26-28, 30 and 31 
under the enablement provision of 35 U.S.C. § 1 12, first paragraph. 
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We do not reach the merits of the rejection of claim 8 under 35 U.S.C. 
§112, second paragraph, which was not presented for our review in this appeal. 



REVERSED 



Toni R. Scheiner 
Administrative Patent Judge 





Donald E. Adams 
Ai^ministrative Patent Judge 

Lora M. Green 
Administrative Patent Judge 
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ABSTRACT 



According to the invention, there is provided an inbred com 
plant designated 87D1A4. This invention thus relates to the 
plants, seeds and tissue cultures of the inbred corn plant 
87DIA4, and to methods for producing a corn plant pro- 
duced by crossing the inbred plant 87D1A4 with itself or 
with another corn plant, such as another inbred. This inven- 
tion further relates to com seeds and plants produced by 
crossing the inbred plant 87DIA4 with another com plant, 
such as another inbred, and to crosses with related species. 
This invention further relates to the inbred and hybrid 
genetic complements of the inbred corn plant 87DIA4, and 
also to the RFLP and genetic isozyme typing profiles of 
inbred corn plant 87DIA4. 

39 Claims, No Drawings 
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INBRED CORN PLANT 87DLA4 AND SEEDS 
THEREOF 

The present application claims the priority of co-pending 
U.S. Provisional Paieni Application Serial No. 60/037,305, 
filed Feb. 5, 1997, the entire disclosure of which is incor- 
porated herein by reference without disclaimer. 

BACKGROUND OF THE INVENTION 

I. Technical Field of the Invention 

The present invention relaics to the field of corn breeding. 
In particular, the invention relates to the inbred corn seed 
and plant designated 87D1A4, and derivatives and tissue 
cultures of such inbred plant. 

II. Description of the Background Art 
The goal of field crop breeding is to combine various 

desirable traits in a single variety/hybrid. Such desirable 
traits include greater yield, better stalks, better roots, resis- 
tance to insecticides, herbicides, pests, and disease, toler- 
ance to heal and drought, reduced time to crop maturity, 
better agronomic quality, and uniformity in germination 
times, stand establishment, growth rate, maturity, and fruit 
size. 

Breeding techniques take advantage of a plant's method 
of pollination. There are two general methods of pollination: 
a plant self -pollinates if pollen from one flower is transferred 
to the same or another flower of the same plant. A plant 
cross-pollinates if pollen comes to it from a flower on a 
different plant. 

Corn plants (Zeo mays L.) can be bred by both self- 
pollination and cross-pollination. Both types of pollination 
involve the corn plant's flowers. Corn has separate male and 
female flowers on the same plant, located on the tassel and 
the ear, respectively. Natural pollination occurs in corn when 
wind blows pollen from the tassels to the silks that protrude 
from the tops of the ear shoot. 

Plants that have been self-pollinated and selected for type 
over many generations become homozygous at almost all 
gene loci and produce a uniform population of true breeding 
progeny, a homozygous plant. A cross between two such 
homozygous plants produce a uniform population of hybrid 
plants that are heterozygous for many gene loci. Conversely, 
a cross of two plants each heterozygous at a number of gene 
loci produces a population of hybrid plants that differ 
genetically and arc not uniform. The resulting non- 
uniformity makes performance unpredictable. 

The development of uniform corn plant hybrids requires 
the development of homozygous inbred plants, the crossing 5 o 
of these inbred plants, and the evaluation of the crosses. 
Pedigree breeding and recurrent selection are examples of 
breeding methods used to develop inbred plants from breed- 
ing populations. Those breeding methods combine the 
genetic backgrounds from two or more inbred plants or 55 
various other broad-based sources into breeding pools from 
which new inbred plants are developed by selfing and 
selection of desired pbenotypes. The new iobreds are 
crossed with other inbred plants and the hybrids from these 
crosses are evaluated to determine which of those have 
commercial potential. 

The pedigree breeding method for single-gene trails 
involves crossing two genotypes. Each genotype can have 
one or more desirable characteristics lacking in the other; or, 
each genotype can complement the other. If the two original 65 
parental genotypes do not provide ail of the desired 
characteristics, other genotypes can be included in the 
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breeding population. Superior plants that are the products of 
ihese crosses are sclfed and selected in successive genera- 
tions. Each succeeding generation becomes more homoge- 
neous as a result of self-pollination and selection. Typically, 
5 this method of breeding involves five or more generations of 
selfing and selection: S,— S 2 ; S.— S 3 ; S 3 — S a ; S,— S 5 , etc. 
After at least five generations, the inbred plant is considered 
geneticaDy pure. 

Backcrossing can also be used to improve an inbred plant. 
]Q Backcrossing transfers a specific desirable trait from one 
inbred or other source to an inbred thai lacks that trait. This 
can be accomplished for example by first crossing a superior 
inbred (A) (recurrent parent) to a donor inbred (non- 
recurrent parent), which carries the appropriate gene(s) for 
the trait in question. The progeny of this cross are then mated 
back to the superior recurrent parent (A) followed by 
selection in the resultant progeny for the desired trait to be 
transferred from the non-recurrent parent. After five or more 
backcross generations with selection for the desired trait, the 
progeny are heterozygous for loci controlling the cbaracter- 
20 istic being transferred, but are like the superior parent for 
most or almost all other genes. The last backcross generation 
would be selfed to give pure breeding progeny for the 
gene(s) being transferred. 

A single cross hybrid corn variety is the cross of two 
25 inbred plants, each of which has a genotype which comple- 
ments the genotype of the other. The hybrid progeny of the 
first generation is designated F 3 . Preferred F, hybrids are 
more vigorous than their inbred parents. This hybrid vigor, 
or heterosis, is manifested in many polygenic traits, includ- 
ing markedly improved higher yields, better stalks, better 
roots, better uniformity and belter insect and disease resis- 
tance. In the development of hybrids only the F 3 hybrid 
plants are sought. An F_, single cross hybrid is produced 
when two inbred plants are crossed. A double cross hybrid 
is produced from four inbred plants crossed in pairs (AxB 
and CxD) and then the two F, hybrids arc crossed again 
(AxB)x(CxD). 

The development of a hybrid corn variety involves three 
sieps: (1) the selection of plants from various germplasm 
pools; (2) the selfing of the selected plants for several 
generations to produce a series of inbred plants, which, 
allhough different from each other, each breed true and are 
highly uniform; and (3) crossing the selected inbred plants 
with unrelated inbred plants to produce the hybrid progeny 
(F,). During the inbreeding process in corn, the vigor of the 
plants decreases. Vigor is restored when two unrelated 
inbred plants are crossed to produce the hybrid progeny (F,). 
An important consequence of the homozygosity and homo- 
geneity of the inbred plants is that the hybrid between any 
two inbreds is always the same. Once the inbreds that give 
a superior hybrid have been identified, hybrid seed can be 
reproduced indefinitely as long as the homogeneity of the 
inbred parents is maintained. Conversely, much of the 
hybrid vigor exhibited by F 3 hybrids is lost in the next 
generation (F^. Consequently, seed from hybrid varieties is 
not used for planting stock. It is not generally beneficial for 
farmers to save seed of F a hybrids. Rather, fanners purchase 
Fj hybrid seed for planting every year. 

North American farmers plant over 70 million acres of 
corn at the present lime and there are extensive national and 
international commercial com breeding programs. A con- 
tinuing goal of these com breeding programs is to develop 
high-yielding corn hybrids that are based on stable inbred 
plants that maximize the amount of grain produced and 
minimize susceptibility to environmental stresses. To 
accomplish this goal, the corn breeder must select and 
develop superior inbred parental plants for producing 
hybrids. 
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SUMMARY OF THE INVENTION 

In one aspect, the present invention provides a corn plant 
designated 87DIA4. Also provided arc com plants having all 
the physiological and morphological charade ristics of corn 
plant 87D1A4. 

The inbred com plant of the inveniion may further 
comprise, or have, a cytoplasmic factor that is capable of 
conferring male sterility. Parts of the com plant cf the 
present invention are also provided, such as, e.g., pollen 
obtained from an inbred plant and an ovule of the inbred 
plant. 

The invention also concerns seed of the corn plant 
87DIA4, which has been deposited with the ATCC The 
invention thus provides inbred corn seed designated 
87DIA4, and having ATCC Accession No. 203192. * 

The inbred com seed of the inveniion may be provided as 
an essentially homogeneous population of inbred com seed 
designated 87DIA4. 

Essentially homogeneous populations of inbred seed are 
those that consist essentially of the particular inbred seed, 
and are generally purified free from substantial numbers of 
other seed, so that the inbred seed forms between about 90% 
and about 100% of the total seed, and preferably, between 
about 95% and about 100% of the total seed. Most 
preferably, an essentially homogeneous population of inbred 
corn seed will contain between about 98.5%, 99%, 995% 
and about 100% of inbred seed, as measured by seed grow 
outs. 

In any event, even if a population of inbred com seed was 
found, for some reason, to contain about 50%, or even about 
.20% or 15% of inbred seed, ibis would still be disiinguished 
from the small fraction of inbred seed that may be found 
within a population of hybrid seed, e.g., within a bag of 
hybrid seed. In such a bag of hybrid seed offered for sale, the 
Governmental regulations require that the hybrid seed be at 
least about 95% of the total seed. In the practice of the 
present invention, the hybrid seed generally forms at least 
about 97% of the total seed. In the most preferred practice 
of the inveniion, the female inbred seed that may be found 
within a bag of hybrid seed will be about 1% of the total 
seed, or less, and the male inbred seed thai may be found 
within a bag of hybrid seed will be negligible, i.e., will be 
on the order of about a maximum of 1 per 100,000, and 
usually less than this value. 

The population of inbred com seed of the invention is 
further particularly defined as being essentially free from 
hybrid seed. The inbred seed population may be separately 
grown to provide an essentially homogeneous population of 
inbred com plant designated 87D1A4. 

In another aspect, the present invention provides for 
single gene converted plants of 87D1A4. The single trans- 
ferred gene may preferably be a dominant or recessive allele. 
Preferably, the single transferred gene will confer such traits 
as male sterility, herbicide resistance, insect resistance, 
resistance for bacterial, fungal, or viral disease, male 
fertility, enhanced nutritional quality, and industrial usage. 
The single gene may be a naturally occurring maize gene or 
a transgene introduced through genetic engineering tech- 
niques. 

In another aspect, the present invention provides a tissue 
culture of regenerabic cells of inbred corn plant S7DIA4. 
The tissue culture will preferably be capable of regenerating 
plants having the physiological and morphological charac- 
teristics of the foregoing inbred com plant, and of regener- 
ating plants having substantially the same genotype as the 
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foregoing inbred com plant. Preferably, the regenerabic cells 
in such tissue cultures will be embryos, protoplasts, mer- 
isiemaiic cells, callus, pollen, leaves, anthers, roots, rooi 
lips, silk, flowers, kernels, ears, cobs, husks or sialks. Still 
further, the present invention provides corn plants reeener- 
aied from the tissue cultures of ibe inveniion. 

In yet another aspect, the present invention provides 
processes for preparing corn seed or plants, which processes 
generally comprise crossing a first parent corn plant with a 
second parent corn plant, wherein at least one of ihe firsi or 
second parent com plants is the inbred corn plant designated 
87DIA4. These processes may be further exemplified as 
processes for preparing hybrid com seed or plants, wherein 
a first inbred corn plant is crossed with a second, distinct 
J * inbred corn plant to provide a hybrid that has, as one of its 
parents, the inbred corn plani 87DIA4. 

In a preferred embodiment, crossing comprises planting, 
in pollinating proximity, seeds of ihe first and second parent 
2Q corn plant, and preferably, seeds of a first inbred corn plant 
and a second, distinct inbred corn plant; cultivating or 
growing the seeds of said first and second parent Corn plants 
into plants that bear flowers; emasculating the male flowers 
of Ihe first or second parent corn plant, i.e., treating the 
flowers so as to prevent pollen production, in order lo 
produce an emasculated parent com plant; allowing natural 
cross-pollination to occur beiwccn the first and second 
parent corn plants; and harvesting the seeds from the emas- 
culated parent corn plant. Where desired, the harvested seed 
is grown to produce a corn plant or hybrid corn plant. 

Tbc present invention also provides corn seed and plants 
produced by a process that comprises crossing a first pareni 
corn plant with a second pareni corn plant, wherein at least 
one of the first or second parent com plants is the inbred corn 
15 plant designated 87U1A4. In one embodiment, corn plants 
produced by the process are first generation (F 3 ) hybrid corn 
plants produced by crossing an inbred in accordance with 
the invention with another, distinct inbred. The present 
invention further contemplates seed of an F, hybrid com 

40 P IanL 

In certain exemplary embodiments, the invention pro- 
vides an Fj hybrid corn plant and seed thereof, which hybrid 
corn plant is designated 4033843, having 871DIA4 as one 
inbred parent. 

45 In yet a funhcr aspect, the invention provides an inbred 
genetic complement of the corn plant designated 87DIA4. 
The phrase "genetic complement" is used to refer to the 
aggregate of nucleotide sequences, the expression of which 
sequences defines the phenotype of, in the present case, a 
5C corn plant, or a cell or tissue of that plant. An inbred genetic 
complement thus represents the genetic make up of an 
inbred cell, tissue or plant, and a hybrid genetic complement 
represents the genetic make up of a hybrid cell, tissue or 
plant. The invention thus provides com plant cells thai have 
55 a geneiic complement in accordance with the inbred corn 
plant cells disclosed herein, and plants, seeds and diploid 
plants containing such cells. 

Plant genetic complements may be assessed by genetic 
marker profiles, and by the expression of phenoiypic trails 
60 that arc characteristic of the expression of the genetic 
complement, e.g., isozyme typing profiles. Thus, such corn 
plant cells may be defined as having an RFLP genetic 
marker profile in accordance wiih the profile shown in Table 
8, or a geneiic isozyme typing profile in accordance with the 
65 profile shown in Table 9, or having both an RFLP genetic 
marker profile and a genetic isozyme typing profile in 
accordance with the profiles shown in Tables 8 and 9. 
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In another aspect, the present invention provides hybrid 
generic complements, as represented by corn plant cells, 
tissues, plants and seeds, formed by the combination of a 
baploid genetic complement of an inbred corn plant of the 
invention with a haploid genetic complement of a second 5 
corn plant, preferably, another, distinct inbred com plant. In 
another aspect, the present invention provides a com plant 
regenerated from a tissue culture that comprises a hybrid 
genetic complement of ibis invention. 

DETAILED DESCRIPTION OF THE J ° 

PREFERRED EMBODIMENTS 
I. DEFINmONS 

Barren Plants: Plants that arc barren, i.e., lack an ear with 

grain, or have an ear witb only a few scattered kernels. 5 j 
Cg: Colleiotrichum graminicola rating. Rating times 30 is 

approximately equal to percent total plant infection. 
CLN: Corn Lethal Necrosis (combination of Maize 

(Chlorotic Mottle Virus and Maize Dwarf Mosaic 

virus) rating: numerical ratings are based on a severity 20 

scale where 1-most resistant to 9-susccptible. 
Cn: Corynebacterium nebraskense rating. Rating limes 10 

is approximately equal to percent total plant infection. 
Cz: Cercospora zeae-maydis rating. Rating times 10 is 

approximately equal to percent total plant infection. 
Dgg: Diatraea grandiose! la girdling rating (values are 

percent plants girdled and stalk lodged). 
Dropped Ears: Ears lhat have fallen from ihe plant lo the 

ground. 30 
Dsp: Diabrolica species root ratings (1 -least affected to 

9-severe pruning). 
Ear-Altitude: The attitude or position of the ear at harvest 

scored as upright, horizontal, or pendant. 
Ear-Cob Color: The color of the cob, scored as white, 35 

pink, red, or brown. 
Ear-Cob Diameter. Toe average diameier of tbc cob 

measured at tbe midpoint. 
Ear-Cob Strength: A measure of mechanical strength of 

the cobs to breakage, scored as strong or weak. 
Ear-Diameter: Tbe average diameier of the ear at its 

midpoint. 

Ear-Dry Husk Color: The color of ihe husks at harvest 

scored as buff, red, or purple. 45 
Ear-Fresh Husk Tbe color of the busks 1 to 2 weeks after 

pollination scored as Color: green, red, or purple. 
Ear-Husk Brad: Tbe length of an average busk leaf scored 

as short, medium, or long. 
Ear-Husk Cover: Tbe average distance from the tip of the *° 

ear to the tip of tbe husks. Minimum value no less than 

zero. 

Ear-Husk Opening: An evaluation of husk tightness at 
harvest scored as tight, intermediate, or open. 

Ear-Length: The average length of tbc ear. 

Ear-Number Per The average number of ears per plant. 
Stalk: 

Ear-Shank Tbe average number of internodes on the ear 

shank. Internodes: 
Ear-Shank Length: Tbc average length of the car shank. 
Ear-Shelling Percent: The average of the shelled grain 

weight divided by tbe sum of the shelled grain weight 

and cob weight for a single ear. 
Ear-Silk Color. The color of the silk observed 2 to 3 days 65 

after silk emergence scored as green-yellow, yellow, 

pink, red, or purple. 
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Ear-Taper (Shape): The taper or shape of ihe ear scored as 

conical, semi-conical, or cylindrical. 
Ear-Weight: The average weight of an ear. 
Early Stand: The percent of plants lhat emerge from the 

ground as determined in the early spring. 
ER: Ear rot rating (values approximate perceni ear rotted). 
Final Siand Count: The number of plants just prior to 

harvest. 

GDUs to Shed: The number of growing degree units 
(GDUs) or heal units required for an inbred line or 
hybrid to have approximately 50 percent of the plants 
shedding pollen as measured from lime of planting. 
Growing degree units are calculated by the Barcer 
Method, where the heat units for a 24-hour period art 
calculated as GDUs-[Maximum daily temperature* 
Minimum daily temperature)/2)-50. The highest maxi- 
mum daily temperature used is 86 degrees Fahrenheit 
and Ihe lowest minimum temperature used is 50 
degrees Fahrenheit. GDUs lo shed is then determined 
by summing the individual daDy values from planting 
date to tbe date of 50 perceni pollen shed. 

GDUs to Silk: The number of growing degree units for an 
inbred line or hybrid to have approximately 50 perceni 
of the plants wiih silk emergence as measured from 
lime of planting. Growing degree units are calculated 
by the same methodology as indicaied in the GDUs lo 
shed definition. 

Hc2: Helminihosporium carbonum race 2 raiing. Raling 
times 10 is approximately equal to percent total plant 
infection. 

Hc3: Helminihosporium carbonum race 3 rating. Raling 
times 10 is approximately equal lo percent loial plant 
infection. 

Hm: Helminihosporium maydis race 0 rating. Rating 
times 10 is approximately equal to percent total plant 
infection. 

Htl: Helminihosporium turcicum race 1 raling. Rating 
times 10 is approximately equal to percent total plant 
infection. 

Hl2: Helminihosporium turcicum race 2 raling. Raling 
limes 10 is approximately equal lo percent total plant 
infection. 

HtG: +=Presence of Hi chloroiic-lesion lypc resistance. 
Rating limes 10 is approximately equal lo percent tolal 
plant infection. —Absence of a Ht chloroiic-lesion 
type resistance. Rating times 10 is approximately equal 
to percent total plant infection. +/- -Segregation of a Hi 
chloroiic-lesion lype resistance. Raling limes 10 is 
approximately equal to percent total plant infection. 

Kernel-AJeuronc The color of ihe aleurone scored as 
while, pink, tan, brown, Color bronze, red, purple, pale 
purple, colorless, or variegated. 

Kernel-Cap Color: The color of ihe kernel cap observed 
at dry stage, scored as white, lemon-yellow, yellow or 
orange. 

Kernel -Endosperm The color of tbe endosperm scored as 

while, pale yellow, or Color: yellow. 
Kernel-Endosperm The lypc of endosperm scored as 

normal, waxy, or opaque. Type: 
Kernel-Grade: The percent of kernels that are classified as 

rounds. 

Kernel-Length: The average distance from the cap of the 

kernel to the pedicel. . 
Kernel-Number Per The average number of kernels in a 

single row. Row: 
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Kernel-Pericarp The color of ibe pericarp scored as 

colorless, red- while crown, I an, Color: bronze, brown, 

ligbl red, cherry red, or variegated. 
Kernel-Row The direction of ibe kernel rows on the ear 

scored as siraighl, Direciion: slightly curved, spiral, or 5 

indistinct (scattered). 
Kernel-Row Number: The average number of rows of 

kernels on a single ear- 
Kernel-Side Color: The color of the kernel side observed 

at the dry stage, scored as white, pale yellow, yellow, 

orange, red, or brown. 

Kernel-Thickness: The distance across the narrow side of 
the kernel. 

Kernel-Type: The type of kernel scored as dent, flint, or y 
intermediate. 

Kernel-Weight: The average weight of a predetermined 
number of kernels. 

Kernel-Width: The distance across the flat side of the 
kernel. 2 p 

Kz: Kabatiella zeae rating. Rating tiroes 10 is approxi- 
mately equal to percent total plant infection. 

Leaf- Angle: Angle of the upper leaves to the stalk scored 
as upright (0 to 30 degrees), intermediate (30 to 60 
degrees), or lax (60 to 90 degrees). 25 

Leaf-Color: The color of the leaves 1 to 2 weeks after 
pollination scored as light green, medium green, dark 
green, or very dark green. 

L*af-Lenglh: The average length of the primary ear leaf. 3Q 

Leaf-Longitudinal A rating of the number of longitudinal 
creases on the leaf surface 1 Creases: to 2 weeks after 
pollination. Creases are scored as absent, few, or many. 

Leaf-Marginal A rating of the waviness of the leaf margin 
1 to 2 weeks after Waves: pollination. Rated as none, 35 
few, or many. 

Leaf-Number: The average number of leaves of a mature 
plant. Counting begins with the cotyledonary leaf and 
ends with the flag leaf. 

Leaf-Shealb A rating of the level of anfhocyanin in the 4 ° 
leaf sheath 1 to 2 weeks Ant hocy am n: after pollinaiion, 
scored as absent, basal-weak, basal-strong, weak or 
strong. 

Leaf-Sbeatb A rating of the pubescence of the leaf sheath. 
Ratings arc taken 1 Pubescence: to 2 weeks after 45 
pollination and scored as light, medium, or heavy. 

Leaf- Width: The average width of the primary ear leaf 
measured at its widest point. 

LSS: Late season siandabilily (values times 10 approxi- 
mate percent plants lodged in disease evaluation plots). 50 

Moisture: Tbc moisture of the grain at harvest. 

Onl: Ostrinia nubilalis 1st brood rating (1 -resistant to 
9-suscepiible). 

On2: Ostrinia nubilalis 2nd brood rating (1-resistanl to 55 
9-susceptibIe). 

Relative Maturity: A maturity rating based on regression 
analysis. The regression analysis is developed by uti- 
lizing check hybrids and their previously established 
day rating versus actual harvest moistures. Harvest 60 
moisture on the hybrid in question is determined and 
that moisture value is inserted into the regression 
equation to yield a relative maturity. 

Root Lodging: Root lodging is the percentage of plants 
that root lodge. A plant is counted as root lodged if a 65 
portion of tbc plant leans from the vertical axis by 
approximately 30 degrees or more. 
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Seedling Color: Color of leaves at the 6 to 8 leaf stage. 

Seedling Height: Plant height at the 6 to 8 leaf stage. 

Seedling Vigor: A visual rating of the amount of vegeta- 
tive growth on a 1 to 9 scale, where 1 equals best. The 
score is taken when the average entry in a trial is at the 
fifth leaf stage. 

Selection Index: The selection index gives a single mea- 
sure of hybrid's worth based on information from 
multiple traits. One of the iraits that is almost always 
included is yield. Traits may be weighted according to 
ihe level of importance assigned to them. 

Sr: Sphaceloiheca ret liana rating is actual percent infec- 
tion. 

Stalk-Anihocyanin: A rating of the amount of anthocyanin 
pigmentation in ihe stalk. The sialk is rated 1 to 2 weeks 
after pollination as absent, basal-weak, basal-strong, 
weak, or strong. 

Stalk-Brace Root The color of the brace roots observed 1 
to 2 weeks after pollination Color: as green; red. or 
purple. 

Stalk-Diameter: The average diameter of the lowest vis- 
ible internode of the stalk. 

Stalk-Ear Height: The average beighi of the ear measured 
from tbc ground to the point of attachment of the ear 
shank of the top developed ear to tbc stalk. 

Stalk-lnternode The direction of the stalk internode 
observed after pollination as Direction: siraighl or 
zigzag. 

Slalk-IntemodeThc average length of the internode above 

the primary ear. Length: 
Stalk Lodging: The percentage of plants that did stalk 
lodge. Plants are counted as stalk lodged if the plani is 
broken over or off below the ear. 
Stalk-Nodes With The average number of nodes having 

brace roots per plant. Brace Roots: 
Stalk-Plant Height: The average height of Ihe plant as 

measured from the soil lo the lip of the tassel. 
Stalk-Tillers: The percent of plants that have tillers. A 
tiller is defined as a secondary shoot that has developed 
as a tassel capable of shedding pollen. 
Staygreen: Staygrecn is a measure of general plant health 
near the time of black layer formation (physiological 
maturity). It is usually recorded at the time the ear 
husks of mosl entries within a trial have turned a mature 
color. Scoring is on a 1 lo 9 basis where 1 equals best. 
STR: Stalk rot rating (values represent severity rating of 
1-25 percent of inoculated internode rotted to 9-cntirc 
stalk rotted and collapsed). 
SVC: Southeastern Virus Complex combination of Maize 
Chlorotic Dwarf Virus and Maize Dwarf Mosaic Virus) 
rating; numerical ratings are based on a severity scale 
where l=most resistant to 9-susccptible (1988 reac- 
tions arc largely Maize Dwarf Mosaic Virus reactions). 
Tassel-Anther Color: The color of the anthers at 50 
percent pollen shed scored as green-yellow, yellow, 
pink, red, or purple. 
Tassel-Attitude: The altitude of ihe tassel after pollination 

scored as open or compact. ' 
Tassel-Branch Angle: The angle of an average tassel 
branch lo the main stem of the tassel scored as upright 
(less than 30 degrees), intermediate (30 to 45 degrees), 
or lax (greater than 45 degrees). 
Tassel-Branch The average number of primary tassel 
branches. Number 
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Tassel-Glume Band; The closed anlhocyanin band al lht primary siruciure and/or elecirophoreiic mobility. The dif- 

base of the glume scored as present or absent. ferences between isozymes arc under single gene, codomi- 

Tassel-Glume Color: The color of the glumes al 50 nam control. Consequently, elecirophoreiic separation to 

percent shed scored as green, red, or purple. produce band patterns can be equaled to different alleles at 

Tassel-Length: The length of the tassel measured from the 5 the, DNA level. Structural differences that do not alter 

base of the bottom tassel branch lo the tassel lip. charge cannot be delected by this method. 

Tassel-Peduncle The average length of the tassel Isozyme typing profile refers to a profile of band patterns 

peduncle, measured from the base Length: of the flag of isozymes separated by electrophoresis ihat can be equated 

leaf to the base of the bottom tassel branch. to different alleles at the DNA level. 

Tassel-Pollen Shed: A visual rating of pollen shed deter- Linkage refers to a phenomenon wherein alleles on the 

mined by tapping the tassel and observing the pollen same chromosome lend to segregate together more often 

J P r° X ^ a! o y ? VC i Pla r PCr , CDl i? Ra,Cd ° D 3 ,ha " CX P CC,cd ^ Chancc if Ihci ' Emission indepen- 

1 to 9 scale where 9-stenle, 1-most pollen. dcm 1 

Tassel-Spike Lenglh: The length of the spike measured Mv u r ♦ . „ .-,„ , , , . . , f . , 

r .l u r.u l t . 3 - Marker is a readily delectable phenotvpe. prcferab v 

from the base of the lop tassel branch lo the tassel tip. . . . . . , . r .. ^ „ *" tIciaui ? 

Test Weigh,: T*e measure of the weight of the grain in C ° 6 ™™ n{ ^ « "« **» » ■ 

pounds for a given volume (bushel) adjusted to 15.5 dipl ° ,d h ,cro ^° ,c arc ^ ^teciable). wnh no envi- 

percent moisture. ronmenlal variance component, i.e., heritabiliiy of 1. 

Yield: Yield of grain at harvest adjusted lo 15.5 percents 20 * 7DIA4 rcfcrs to lne ™™ P lant which seeds having 

moisture. ATCC Accession No. 203192 were obtained, as well as 

II. OTHER DEFINITIONS P lanls 6 row n from those seeds. 

Allele is any of one or more alternative forms of a gene, Phenotype refers lo the detectable characteristics of a cell 

all of which alleles relate to one iraii or characteristic. In a or organism, which characteristics are the manifestation of 

diploid cell or organism, the two alleles of a given gene 25 gene expression. 

occupy corresponding loci on a pair of homologous chro- Quantitative Trait Loci (QTL) refer to genetic loci that 

mosomes. control to some degree numerically rcpresentable traits thai 

Backcrossing is a process in which a breeder repeatedly arc usually continuously distributed, 

crosses hybrid progeny back to one of the parents, for ^ Regeneration refers to ihe development of a plant from 

example, a first generation hybrid (F,) with one of the lissue culture. 

parental genotypes of the Fl hybrid. RFLP genetic marker profile refers to a profile of band 

Chromatography is a technique wherein a mixture of patterns of DNA fragment lengths typically separated by 

dissolved substances are bound to a solid support followed agarose gel electrophoresis, after restriction endonucleasc 

by passing a column of fluid across Ihe solid support and 35 digestion of DNA. 

varying the composition of the fluid. The components of the Self-pollination refers lo the transfer of pollen from the 

mixture arc separated by selective elution. anlher to the stigma of the same plant. 

Crossing refers to the mating of two parent planls. Single Gene Converted (Conversion) Plani refers lo planls 

Cross-pollination refers to fertilization by the union of which arc developed by a plant breeding technique called 

two gametes from different plants. 40 backcrossing wherein essentially all of the desired morpho- 

Diploid refers to a cell or organism having two sets of logical and physiological characteristics of an inbred are 

chromosomes. recovered in addition lo the single gene transferred inlo the 

Electrophoresis is a process by which particles suspended inbred via the backcrossing technique, 

in a fluid are moved under the action of an electrical field, 45 Tissue Culture refers to a composition comprising iso- 

and thereby separated according to their charge and molecu- lalcd cc,Js °* ,nc samc or a different type or a collection of 

lar weight. This method of separation is well known to those sucn ccIk organized inlo parts of a plant, 

skilled in the an and is typically applied to separating Tb c fallowing examples are includtd in demonstrate 

various forms of enzymes and of DNA fragments produced Purred embodiments of the invention. It should be appre- 

by restriction endonucleases. 50 cialcd b y mo5C of ski11 in mc arl ,hal lne techniques 

Emasculate refers to the removal of plant male sex organs. ^closed in the examples that follow represent techniques 

n „ . . . ; ... discovered by the inventor lo function well in the practice of 

Enzymes are organic catalysts that can exist in various ^ A tKtt , . »" tu F»-^»««< 

. . n ° J tbc invention, and thus can be considered to constitute 

forms called isozymes. preferred modes for its practice. However, these of skill in 

F, Hybrid refers to the first generation progeny of the 55 ihe art should, in light of ihe present disclosure, appreciate 

cross of two plants. thai many changes can be made in the specific embodiments 

Genelic Complement refers lo an aggregate of nucleotide that arc disclosed and still obtain a like or similar result 

sequences, ibe expression of which sequences defines ihe without departing from Ibe spirit and scope of ihe invention, 

pbcnoiype in com plants, or components of plants including ,n - INBRED CORN PLANT 87DIA4 

cells or tissue. 60 ,D accordance with one aspect of the present invention. 

Genotype refers to the genelic constitution of a cell or * P r ° vid 5 d 3 mm ph ° K dcsi & na,cd 

organism 87DIA4. Inbred corn plant 87D1A4 is a yellow, dent corn 

1 , . . , , „ L . , , inbred that can be compared to inbred corn plants 2FACC 

Haploid refers lo a cell or organism having one set of Ibe 3AZA1 and AQA3f a| , of which ^ ^ inbreds f 

two sets of chromosomes in a diploid. 65 DEKALB Genetics Corporation. 87DIA4 differs signifi- 

Isozymes arc one of a number of enzymes which catalyze cantly (at Ibe 1 %, 5%, or 10% level) from these inbred lines 

the same reactions) but differ from each other, e.g., in in several aspects (Table 1, Table 2, and Table 3). 
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^ TABLE 1 

COMPARISON OF 87D1A4 WITH 2FACC 





BARREN 


DROP 


EHT 




MST 


PHT 


RTL 


SHED 


SILK 


STL 


YLD 


INBRED 


% 


% 


INCH 


F1NAL 




INCH 


% 


GDU 


GDU 


°k 


BU 


87DIA4 


0.3 


0.1 


243 


62.4 


37.8 


57.0 


0.2 


3363.3 


3357.3 


8.2 


65.3 


2FACC 


0.4 


0.6 


29.5 


62.0 


23.9 


67.3 


1.3 


3482.6 


3483.5 


5.8 


77.4 


DIPT 


-0.3 


-0.5 


-5.2 


0.4 


-6.3 


-30.3 


-1.3 


-3 39.5 


-124.4 


2.4 


-3 23 


# LOC . 


J 5 


33 


8 


15 


34 


8 


34 


8 


8 


33 


33 


P VALUE 


0.88 


0.65 


0.00" 


0.84 


o.oo- • 


0.00" 


0.40 


0.00" 


0.00" 


036 


0.03- 



Significance levels are indicated as: 

4-30 percent. 

• • 5 percent. 

•• - 3 percent. 

Legend Abbreviations: 

BARREN % - Barren Plants (percent) 

DROP % - Dropped Ears (percent) 

EHT INCH - Ear Height (inches) 

FINAL - Final Surd 

MST % - Moisture (percent) 

PHT INCH - Plant Height (inches) 

RTL ^ - Root Lodging (percent) 

SHED GDU - GDUs to Shed 

SILK GDU - GDUS to Silk 

STL % - Stalk Lodging (percent) 

YLD BU - Yield (busbcWacrc) 



TABLE 2 



COMPARISON OF 87DIA4 WITH 3A2A3 





BARREN 


DROP 


EHT 




MST 


PHT 


RTL 


SHED 


SILK 


STL 


YLD 


INBRED 


% 


% 


INCH 


FINAL 




INCH 


S> 


GDU 


GDU 


5- 


BU 


87DIA4 


0.3 


0.3 


243 


62.4 


37.8 


57.0 


0.2 


3 363.3 


3357.3 


8.2 


65.3 


3A2A3 


3.3 


3.6 


23.6 


620 


35.9 


58.4 


0.1 


3322.6 


3323.2 


8.4 


43.3 


DIFF 


-0.8 


-3.5 


0.7 


0.4 


3.9 


-3.4 


0.1 


40.5 


35.9 


-0.2 


24.0 


» LOC 


35 


13 


8 


35 


34 


8 


34 


8 


8 


33 


33 


P VALUE 


0.43 


0.39 


0.66 


0.84 


0.33 


0.48 


0.94 


0.00" 


0.03- 


0.94 


0.00" 



Significance levels are indicated as: 

♦ -.30 percent, 

• - 5 percent. 
" - 3 percent. 
Legend Abbreviations: 

BARREN % - Banen Plants (percent) 
DROP % - Dropped Ears (percent) 
EHT INCH - Ear Height (inches) 
FINAL - Final Stand 
MST *h - Moisture (percent) 
PHT INCH - Plant Height (inches) 
RTL % - Root Lodging (percent) 
SHED GDU - GDUs to Shed 
SILK GDU - GDUS to Silk 
STL * - Stalk Lodging (percent) 
YLD BU - Yield (bushels/acre) 



TABLE 3 



COMPARISON OF 87DIA4 WITH AQA3 





BARREN 


DROP 


EHT 




MST 


PHT 


RTL 


SHED 


SILK 


STL 


YLD 


INBRED 


% 


% 


INCH 


FINAL 


% 


INCH 


% 


GDU 


GDU 




BU 


87DIA4 


03 


0.3 


243 


62.4 


17.8 


57.0 


' 0.2 


3363.3 


3357.1 


8.2 


65.3 


AQA3 


0.4 


0.5 


25.9 


617 


34.4 


58.3 


3.0 


1356.2 


3348.6 


35.2 


35.7 


DIFF 


-0.3 


-0.4 


-L6 


-0.3 


33 


-3.3 


-0.8 


6.9 


8.5 


-7.0 


29.4 



3/2/05, EAST Version: 2.0.1.4 



13 



5,936,145 



14 



TABLE 3-coniimjed 



COMPARISON OF 87DIA4 WITH AQA5 

BARREN DROP EHT MST PHT RTL SHED SILK STL YLD 

INBRED % % INCH FINAL * INCH 7c GDI" GDI' * Bl: 

*LOC 35 13 8 15 J4 8 J 4 8 i> 10 13 

PVALLE 0.86 0.72 0.34 0.8b O-OO" 0.58 0.56 0.64 0.t>: 0.01 " 0.00" 



Significance levels are indicated as: 

♦ - 30 percent. 

* - 5 percent 

• 3 percent. 
Legend Abbreviations: 
BARREN % - Barren Plants (percent) 
DROP S> - Dropped Eats (percent) 
EHT INCH - Ear Height (inches) 
FINAL - Final Stand 
MST % - Moisture (percent) 
PHT INCH - Plant Height (inches) 
RTL % - Root Lodging (percent) 
SHED GDU - GDUs to Shed 
SILK GDU - GDUS to Silk 
STL *k • Stalk Lodging (percent) 
YLD BU - Yield (bushels/acre) 



A. ORIGIN AND BREEDING HISTORY ^ 

Inbred planl 87D1A4 was derived from ihe cross between 
a line derived from 2FACC aDd 3AZA1. 

87D1A4 shows uniformity aDd stability within the limits 
of environmental influence for the traits described herein- 
after in Table 4. 87DIA4 has been self-pollinated and ^ 
car-rowed a sufficient number of generations with careful 
attention paid to uniformity of plant type to ensure homozy- 
gosity and phenoiypic stability. No variant traits have been 
observed or are expected in 87DIA4. 

A deposit of 2500 seeds of plant designated 87D1A4 has ^ 
been made with ihe American Type Culture Collection 
(ATCC), Rockville Pike, Bethesda, Md. on Sep. 11, 1998. 
Those deposited seeds have been assigned Accession No. 
203192. The deposit was made in accordance with the terms 
and provisions of the Budapest Treaty relating to deposit of 
microorganisms and is made for a term of at least thirty (30) 
years and at least five (05) years after the most recent request 
for the furnishing of a sample of the deposit was received by 
the depository, or for the effective term of the patent, 
whichever is longer, and will be replaced if it becomes ^ 
non-viable during thai period. 

Inbred com plants can be reproduced by planting such 
inbred seeds, growing the resulting corn plants under self- 
pollinating or sib-pollinating conditions with adequate iso- 
lation using standard techniques well known to an artisan ^ 
skilled in the agricultural arts. Seeds can be harvested from 
such a plant using standard, well known procedures. 

The origin and breeding history of inbred planl 87DIA4 
can be summarized as follows: 



Summer 1988 The cross 2FACC and AO A3 was made. 
Both inbreds are proprietary to DEKALB Genetics 
Corporation. 

Winter 1988 SO seed was grown (nursery row 67-51). 
Summer 1989 Si seed was grown (nursery rows 4-25 to 
4-38). 

Winter 1989 S2 seed was grown ear-to-row (nursery row 
649-62). 

Summer 1990 S3 seed was grown ear-to-row (nursery 
row 130-15). 

Winter 1990 S4 seed was grown ear-to-row (nursery row 
C23-23). 

Summer 1991 S5 seed was grown ear-to-row (nursery 
row 222-67). 

Summer 1992 S6 seed was grown ear-to-row (nursery 
row 418-56). 

Summer 1993 S7 seed was grown ear-lo-row (nursery 
rows 346-32 to 346-39). Seed from all rows was bulked 
to form 87DIA4. 

B. PHENOTYPIC DESCRIPTION 

In accordance with another aspect of the present 
invention, there is provided a corn planl having the physi- 
ological and morphological characteristics of corn planl 
87DIA4. A description of the physiological and morpho- 
logical characteristics of com plant 87DIA114 is presented 
in Tabic 4. 



TABLE 4 



MORPHOLOGICAL TRAITS FOR THE 87DIA4 PHENGTYPE 



CHARACTERISTIC 


87DIA4 


2FACC 


3A2A] 


AOA3 


STALK 










Diameter (width) cm 


IS 


2.2 


2.0 


2.2 


AnibocynniD 


Absent 


Absent 


Absent 


Absent 


Nodes with Brace 


J. 4 


3.9 


2.0 


1.5 


Roots 










Brace Root Color 


Red 


Purple 




Green 


Intern ode Direction 


Straight 


Straight 


Straight 


Sire ig hi 
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TABLE 4-cominued 



MORPHOLOGICAL TRAITS FOR THE 87DU4 PHENOTYPE 



CHARACTERISTIC 


87DIA4 


2FACC 


3AZA3 


AQA3 


lntrmode Length cm. 


io.: 


32.7 


34.0 


33.3 


2. LEAF 










Color 


Med Green 


Med Green 


Med Green 


Med Green 


Length cm. 


68.0 


73.3 


66.2 


67.9 


Width cm. 


30.0 


8.7 


7.9 


8.3 


Sheath Anihocvunin 


Weak 


Weak 


Weak 


Absent 


Sheath Pubescence 


Medium 


Light 


Medium 


Medium 


Marginal Waves 


Few 


Few 


Few 


Few 


Longitudinal Creases 


Absent 


Absent 


— 


Few 


3. TASSEL 










Attitude 


Compact 


Compact 


— 


Open 


Length cm. 


29.5 


26.7 


33.0 


33.0 


SpDcc Length an. 


39.5 


19.3 


24.4 


23.3 


Peduncle Length cm 


2.9 


5.2 


3.6 


3.6 


Branch Number 


4.5 


7.7 


3.8 


5.5 


Aotber Color 


Red 


Fink 


Tan 


Grn- Yellow 


Glume Color 


Grten 


Green 


Green 


Greco 


Glume Band 


Absent 


Absent 


Absent 


Absent 


4. EAR 










Silk Color 


Pink 


Tan 


Gm- Yellow 


Grn- Yellow 


Number Per Sulk 


3.3 


3.3 


3.6 


3.4 


Position (altitude) 


Upright 


Upright 


Pendant 


Upright 


Length cm. 


15.6 


33.9 


36.4 


36.3 


Shape 


Semi-conical 


Semi-conical 


Semi- conical 


Semi- conical 


Diameter cm. 


3.8 


4.2 


3.4 


3.6 


Weight gm. 


99.1 


3163 


89.8 


93.1 


Shank Length cm. 


36.5 


34.8 


20.7 


34.9. 


Husk Bract 


Short 


Short 


Short 


Short 


Husk Cover cm. 


3.« 


6.6 ' 


3.9 


3.r 


Husk Opening 


Tight 


Intermediate 





I nier mediate 


Husk Color Fresh 


Green 


U Green 


Green 


Li Green 


Husk Color Dry 


Buff 


Buff 


Buff 


Buff 


Cob Diameter cm. 


2.3 


2.6 


3.7 


2.3 


Cob Color 


Red 


Red 


Red 


Red 


Shelling Percent 


85.3 


83 A 


85.8 


85.0 


5. KERNEL 










Row Number 


J 4.0 


34.7 


32_> 


35.3 


Number Per row 


31.4 


25.5 


32.2 


33.2 


Row Direction 


Curved 


Curved 


Curved 


Curved 


Type 


Dent 


Dent 


Dent 


Den i 


Cap Color 


Yellow 


YeUow 


Yellow 


Lemon 








Yellow 


Side Color 


Yellow 


Deep Yellow 


Orange 


Orange 


Length (depth) mm. 


30.2 


30.7 


9.2 


9.6 


Width mm. 


8.1 


8.3 


7J 


7.1 


Thickness 


4Ji 


4.3 


4.2 


3.8 


Weight of 10O0K gm. 


283.5 


280.7 


223.8 


373.7 


Endosperm Type 


Normal 


Normal 


Normal 


Normal 


Endosperm Color 


Yellow 


Yellow 


Yellow 


Yellow 



'These arc typical values. Values may vary due to environment. Other values thai arc 
substantially equivalent are also within the scope of the invention. Substantially equivalent 
refers to quantitative traits that when compared do not show statistical differences of their 
means. 
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IV. ADDITIONAL INBRED CORN PLANTS 

The inbred corn plant 171 KJ3 has been employed wiih the 
corn plan! of the present invention in order io produce an 
exemplary hybrid. A description of the physiological and 
morphological characieristics of this corn planl is presented 



herein at Tabic 5. Additional information for ihis tnbred corn 
plant is presented in co-pending U.S. patent application Ser. 
No. 08/795,403, filed Feb. 5, 1997, the disclosure of which 
application is specifically incorporaied herein by reference. 



TABLE 5 



MORPHOLOGICAL TRAITS FOR 
THE 373KI3 PHENOTYPE 



CHARACTERISTIC 37DCJ3 03CS12 03IBH2 3IIH6 



3. STALK 

Diameter (width) 7.2 2.4 2.3 2.3 

cm. 
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TABLE 5-continued 



MORPHOLOGICAL TRAITS FOR 
THE 171KJ3 PHENOTYPE 



CHARACTERISTIC 171KJ3 01CS12 031BH2 3UH6 



Am hoc van in 


Absent 


Absent 


Absent 


Absent 


Node* With Braa 


0.9 


1.8 


3.3 


0.7 


Roots 










Brace Root Color 


Green 


Green 


Green 




Inicmode Direction 


Straight 


Straight 


Straight 


Straight 


1 rile mode Length 


35.9 


12.8 


34.4 


33.3 


cm. 
LEAF 










Color 


Med Green 


— 


Med Green 


Med Green 


Width cm. 


9.', 


8.9 


8.9 


8.0 


Marginal Waves 


Feu 


Few 


Few 


Few 


TASSEL 










Length cm. 


42.6 


33.2 


33.6 


35.3 


Spile Length cm- 


22.9 


23.2 


23.3 


25.2 


Peduncle Length 


9.6 


3.9 


8.2 


7.6 


cm. 

Branch Number 


9.3 


7.4 


7.8 


3Z9 


Anther Color 


Purple 


Grn-Yellow 


Grn-Yelkrw 





Glume Color 


Purple 


Green 


Green 





Glume Band 


Present 


Absent 


Absent 


Absent 


EAR 


Pink 


Pink 





Red 


Silk Coloi 


3.0 


1.0 


1.0 


3.4 


Number Per Sialic 


Upright 


— 


— 


Upright 


Position (altitude) 


34.6 


36.0 


34.6 


35.6 


Length cm. 


Semi-conical 


Semi-conical 


Semi-conical 


Semi-conical 


Shape 


4.0 


3.8 


4.0 


3;9 . 


Diameter cm. 


304.9 


300.6 


303.2 


307.6 


Weight gm. 


30.5 


34.3 


30.3 


9.6 


Shank Length cm. 


Short 


Short 


Short 


Short 


Husk Bract 


6.4 


2.5 


4.4 


3.7 


Husk Cover cm. 


Green 


Green 


Green 


Green 


Husk Color Fresh 


Bull 


Buff 


Bull 


BuQ 


Husk Color Dry 


2.3 


2.4 


23 


2.3 


Cob Diameter cm. 


Red 




Red 


Red 


Cob Color 


87.7 


80.6 


89.0 


83.3 


Shelling Percent 










KERNEL 


34.6 


34.8 


363 


35.3 


Row Number 


32.1 


27.1 


293 


29.7 


Number Per Row 


Curved 


Curved 


Curved 


Curved 


Row Direction 


Dent 




Dent 




Type 


Yellow 


Yellow 


Yellow 


Yellow 


Cap Color 


Deep Yellow 




Orange 




Side Color 


11.1 


9.4 


30.9 


30.3 


Length (depth) mm. 


7.8 


8.0 


7.4 


7.8 


Width mm. 


3.9 


5.2 


4.4 


4.2 


Thickness 


269.0 


252.4 


233.0 


247.8 


Weight of 1000K 


Normal 


Normal 


Normal 


Normal 


gm. 










Endosperm Type 


Yellow 


Yellow 


Yellow 


Yellow 


Endosperm Color 











"These are typical values. Values may vary due to environment. Other values that are 
substantially equivalent are also within the scope of the invention. Substantially equivalent 
refers to quantitative trails that when compared do not show statistical differences of their 
means. 



V. SINGLE GENE CONVERSIONS 

When ibe term inbred corn plant is used in ibe context of 
the present invention, this also includes any single gene 
conversions of that inbred. The term single gene converted 
plant as used herein refers to those corn plants which axe 
developed by a plant breeding technique called backcrossing 
wherein essentially all of the desired morphological and 
physiological characteristics of an inbred are recovered in 
addition to the single geoe transferred into the inbred via the 
backcrossing technique. Backcrossing methods can be used 
with Ibe present invention to improve or introduce a char- 
acteristic into the inbred. The term backdossing as used 
herein refers to the repealed crossing of a hybrid progeny 
back to one of the parental corn plants for that inbred. The 
parental com plant which contributes the gene for the 



desired characteristic is termed the nonrecurrent or donor 
parent. This terminology refers to the fact that the nonre- 

55 current parent is used one lime in the backcross protocol and 
therefore does not recur. The parental corn plant to which the 
gene or genes from the nonrecurrent parent are transferred is 
known as the recurrent parent as it is used for several rounds 
in the backcrossing protocol (Poehlman & Sleper, 1994; 

60 Fehr, 1987). In a typical backcross protocol, the original 
inbred of interest (recurrent parent) is crossed to a second 
inbred (nonrecurrent parent) that carries the single gene of 
interest to be transferred. The resulting progeny from this 
cross are then crossed again to the recurrent parent and the 

65 process is repeated until a com plant is obtained wherein 
essentially all of the desired morphological and physiologi- 
cal characteristics of the recurrent parent are recovered in the 
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convened planl, in addition lo the single iransferred gene 
from the nonrecurrent parent. 

The selection of a suitable recurrent parent is an important 
step for a successful backcrossing procedure. The goal of a 
back cross protocol is to aiter or substitute a single trail or 
characteristic in tbc original inbred. To accomplish this, a 
siDgle gene of the recunent inbred is modified or substituted 
with the desired gene from the nonrecurrent parent, while 
retaining essentially all of the rest of the desired genetic, and 
therefore the desired physiological and morphological, con- 
stitution of the original inbred. The choice of the particular 
nonrecurrent parent will depend on the purpose of the 
backcross, one of the major purposes is to add some com- 
mercially desirable, agronomically important trait to the 
plant. The exact backcrossing protocol will depend on the 
characteristic or trait bjjing altered to determine an appro- 
priate testing protocol.- Although backcrossing methods are 
simplified when the characteristic being transferred is a 
dominant allele, a recessive allele may also be transferred. In 
this instance it may be necessary to introduce a test of the 
progeny to determine if the desired characteristic has been 
successfully iransferred. 

Many single gene trails have been identified thai are not 
regularly selected for in ihe development of a new inbred but 
thai can be improved by backcrossing techniques. Single 
gene traits may or may not be transgenic, examples of these 
traits include but are not limited to, male sterility, waxy 
starch, herbicide resistance, resistance for bacterial, fungal, 
or viral disease, insect resistance, male fertility, enhanced 
nutritional quality, industrial usage, yield stability and yield 
enhancement. These genes arc generally inherited through 
the nucleus. Some known exceptions to this are the genes for 
male sterility, some of which are inherited cytoplasmically, 
but still act as single gene traits. SeveraJ of these single gene 
traits are described in U.S. Ser. No. 07/113,561, filed Aug. 
25, 1993, the disciosure of which is specifically hereby 
incorporated by reference. 

Direct selection maWje-applied where the single gene acts 
as a dominant trait, /fc example might be the herbicide, 
resistance trail. For this selection process, the progeny of the 
initial cross are sprayed with the herbicide prior to the 
backcrossing. The spraying eliminates any plants which do 
not have the desired herbicide resistance characteristic, and 
only those plants which have the herbicide resistance gene 
are used in the subsequent backcross. This process is then 
repealed for all additional backcross generations. 

The waxy characteristic is an example of a recessive trait. 
In this example, the progeny resulting from the first back- 
cross generation (BCl) must be grown and selfed. A test is 
then run on the selfed seed from the BCl plant lo determine 
which BCl plants carried the recessive gene for the waxy 
trait. In other recessive trails, additional progeny testing, for 
example growing additional generations such as the BC1S1 
may be required to determine which plants carry the reces- 
sive gene. 

VI. ORJG1N AND BREEDING HISTORY OF AN EXEM- 
PLARY SINGLE GENE CONVERTED PLANT 

85DGD1 MLms is a single gene conversion of 85DGD1 
to cytoplasmic male sterility. 85DGD1 MLms was derived 
using backcross methods. 85DGD1 (a proprietary inbred of 
DEKALB Genetics Corporation) was used as the recurrent 
parent and MLms, a germ plasm source carrying ML cyto- 
plasmic sterility, was used as the nonrecurrent parent. The 
breeding history of the single gene converted inbred 
85DGD1 MLms can be summarized as follows: 

Hawaii Nurseries Planting Dale Apr. 2, 1992 Made up 
SO: Female row 585 male row 500 
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Hawaii Nurseries Planting Date Jul. 15, 1992 S O was 

grown and plants were backcrossed times 85DGD1 

(rows 444* 443) 
Hawaii Nurseries Planting Dale Bulked seed of the BCl 
5 was grown and Nov. 18, 1992 backcrossed times 

85DGD1 (rows V3-27' V3-26) 
Hawaii Nurseries Planting Dale Apr. 2, 1993 Bulked seed 

of the BC2 was gown and backcrossed times 85DGD1 

(rows 37' 36) 

]0 Hawaii Nurseries Planting Date Jul. 14, 1993 Bulked seed 
of the BC3 was grown and backcrossed limes 85DGD1 
(rows 99* 98) 

Hawaii Nurseries Planting Date Bulked seed of BC4 was 
grown and backcrossed Oct. 28, 1993 times 85DGD1 
J? (rows KS-63" KS-62) 

Summer 1994 A single car of the BC5 was grown and 
backcrossed limes 85DGD1 (MC94-822* MC94-822-7) 
Winter 1994 Bulked seed of the BC6 was grown and 
backcrossed times 85DGD1 (3Q-1 J 3Q-2) 
20 Summer 1995 "Seed of the BC7 was bulked and named 
85DGD1 MLms. 

VII. TISSUE CULTURE AND IN VITRO REGENERA- 
TION OF CORN PLANTS 

A further aspect of the invention relates to tissue culture 

25 of corn plants designated 87D1 A4. As used herein, the lerm 
"tissue culture" indicates a composition comprising isolated 
cells of the same or a different type or a collection of such 
cells organized into parts of a plant. Exemplary types of 
tissue cultures arc protoplasts, calli, plant clumps, and plant 

30 cells that are intact in plants or parts of plants, such as 
embryos, pollen, flowers, kernels, ears, cobs, leaves, husks, 
stalks, roots, root tips, anthers, silk and the like. In a 
preferred embodiment, tissue culture is embryos, protoplast, 
merisiematic cells, pollen, leaves or anthers. Means for 

35 preparing and maintaining plant tissue culture are well 
known in ihe art. By way of example, a tissue culture 
comprising orgaas such as lassels or anthers, has been used 
to produce regenerated plants. (See, U.S. patent applications 
Ser. No. 07/992,637, filed Dec. 18, 1992 and 07/995,938, 

40 filed Dec. 21, 1992, now issued as U.S. Pal. No. 5322.789, 
issued Jun. 21, 1994, the disclosures of which are incorpo- 
rated herein by reference). 

VIII. TASS EL/ANTH ER CULTURE 

Tassels contain anthers which in turn enclose 

45 microspores. Microspores develop into pollen. For anther/ 
microspore culture, if tassels are the planl composition., they 
are preferably selected at a stage when the microspores are 
uninucleate, that is, include only one, rather than 2 or 3 
nuclei. Methods to determine the correct stage are well 

50 known to those killed in the art and include mitramycin 
fluorescent staining (Pace ct al. t 1987), trypan blue 
(preferred) and acetocarmine squashing. The mid- 
uninucleate microspore stage has been found to be the 
developmental stage most responsive to the subsequent 

55 methods disclosed lo ultimately produce plants. 

Although micTOSporc-containing planl organs such as 
tassels can generally be prclreated at any cold temperature 
below about 25° C, a range of 4 to 25° C. is preferred, and 
a range of 8 to 14° C. is particularly preferred. Although 

60 other temperatures yield cmbryoids and regenerated plants, 
. cold temperatures produce optimum response rales com- 
pared to piclreaiment at temperatures outside the preferred 
range. Response rate is measured as cither the number of 
embryoids or the number of regenerated plants per number 

65 of microspores initiated in culture. 

Although not required, when tassels are employed as the 
planl organ, it is generally preferred to sterilize their surface. 
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Following surface sterilization of ihc tassels, for example, Tbc result of the foregoing steps is the preparation of a 

with a solution of calcium hypochlorite, the anthers are relatively pure tissue culture suspension of microspores that 

removed from about 70 to 150 spikelets (small portions of are relatively free of debrisand anther remnants, 

the tassels) and placed in a preculture or pretreaimcnt To isolate microspores, an isolation media is preferred. An 

medium. Larger or smaller amounts can be used depending $ isolation media is used to separate microspores from the 

on the number of anthers. anther walls while maintaining their viability and embryo- 

When one elects to employ tassels directly, tassels are g cm V" potential. An illustrative embodiment of an Isolation 

preferably pretreated at a cold temperature for a predefined m«dia includes a 6 percent sucrose or maltose solution 

time, preferably at 10° C. for about 4 days. After prcireat- combined with an antioxidant such as 50 mg/l of ascorbic 

ment of a whole tassel at a cold temperature, dissected 10 aad » 01 m ^ bio1 ^ and ^ mg/1 of proune, combined with 

anthers are further pretreated in an environment that diverts 10 ™§? of nico,inic acid aod OS mg/1 AgN0 3 . In another 

microspores from their developmental pathway. The func- cra ^™ent, the biolin and proline are omitted, 

lion of the preculture medium is to switch the developmental , , *° IaUon «*■ preferably has a higher antioxidant 

program from one of pollen development that of embryoid/ ! , ^ **** * l miCIOS P ores a doDOr P ,ao1 

cailusdevelopment.Anembodimentofsucbanenvironrnent 15 L^™^^ * 

in the form of a preculture medium includes a sugar alcohol, fr«™ T° r * ^ i? ""H? 1 " 

f i ... , - -. , 5 i iwuuj, greenhouse grown. A preferred level of ascorbic acid in an 

for example mannitol or sorbitol, inositol or the like. An Chiton m 4 um * from a5ou , 50 ^ lo ^ £ » * 

exemplary synergistic combination is the use of mannitol at and, more preferably from about 50 mg/1 to about 100 mjS 

a temperature of about 10 C. for a period ranging from One can find particular benefit in employing a support for 

about 10 to 14 days. In a preferred embodiment, 3 ml of 0 3 20 the microspores "during culturing and subculturihg. Any 

M mannitol combined with 50 mg/1 of ascorbic add, silver support that maintains the cells near the surface can be used 

nitrate and colchicine is used for incubation of anthers at 10° The microspore suspension is layered onto a support, for 

C. for between 10 and 14 days. Another embodiment is to example by pipetting. There are several types of suprxirts 

substitute sorbitol for mannitol. The colchicine produces which are suitable and are within the scope of the invention, 

chromosome doubling at this early stage. The chromosome 25 An illustrative embodiment of a solid support is a TRAN- 

doubling agent is preferably only present at the preculture SWELL® culture disb. Another embodiment of a solid 

sla £ c : support for development of the microspores is a bilayer plate 

it is believed that the mannitol or other similar carbon - wherein liquid media is on top of a solid base. Other 

structure or environmental stress induces starvation and embodiments include a mesh or a millipore filter. Preferably, 

functions to force microspores to focus their energies on 30 a solid support is a nylon mesh in the shape of a raft A raft 

entering developmental stages. The cells are unable to use, is defined as an approximately circular support material 

for example, mannitol as a carbon source at this stage. It is which is capable of floating slightly above tbc bottom of a 

believed that these treatments confuse the cells causing them tissue culture vessel, for example, a petri dish, of about a 60 

to develop as embryoids and plants from microspores. or 100 mm size, although any other laboratory tissue culture 

Dramatic increases m development from these haploid cells, 35 vessel will suffice. In an illustrative embodiment, a raft is 

as high as 25 embryoids in 10* microspores, have resulted about 55 mm in diameter. 

from using these methods. Culturing isolated microspores on a solid support, for " 

In embodiments where microspores are obtained from example, on a 10 mm pore nylon raft floating on 2.2 ml of 

anthers, microspores can be released from tbc anthers into an medium in a 60 mm petri dish, prevents microspores from 

isolation medium foDowing tbc mannitof preculture step. 40 sinking into the liquid medium and thus avoiding low 

One method of release is by disruption of the anthers, for oxygen tension. These types of cell supports enable the 

example, by chopping the ambers into pieces with a sharp serial transfer of the nylon raft with its associated 

instrument, such as a razor blade, scalpel or Waring blender. microsporc/embryoids ultimately lo full strength medium 

The resulting mixture of released microspores, anther frag- containing activated charcoal and solidified with for 

ments and isolation medium are then passed through a filter 45 example, GELRITE™ (solidifying agent). The charcoal is 

to separate microspores from amber wall fragments. An believed to absorb toxic wastes and intermediaries. The solid 

embodiment of a filter is a mesh, more specifically, a nylon medium allows embryoids to mature, 

mesh of about 112 mm pore size. The filtrate which results The liquid medium passes through the mesh while the 

from filtering the microspore-conlaining solution is prefer- microspores are retained and supported at the medium-air 

ably relatively free of anther fragments, cell walls and other 50 interface. The surface tension of the liquid medium in the 

dc ^ m - Petri disb causes the raft to float. Tbc liquid is able to pass 

In a preferred embodiment, isolation of microspores is through the mesh: consequently, the microspores stay on 

accomplished at a temperature below about 25° C. and, top. The mesh remains on top of the total volume of liquid 

preferably at a temperature of less than about 15° C. medium. An advantage of the raft is to permit diffusion of 

Preferably, the isolation media, dispersing tool (e.g., razor 55 nutrients to the microspores. Use of a raft also permits 

blade) funnels, centrifuge rubes and dispersing container transfer of the microspores from dish to dish during subse- 

(e.g., petri dish) are all maintained at the reduced tempera- quent subculture with minimal loss, disruption or distur- 

ture during isolation. The use of a precooled dispersing tool bance of the induced embryoids that are developing. The 

to isolate maize microspores has been reported (Gaillard el rafts represent an advantage over the multi-welled TRAN- 

al., 1991). 60 SWELL® plates, which are commercially available from 

Where appropriate and 1 desired, the anther filtrate is then COSTAR, in that the commercial plates are expensive, 

washed several times in isolation medium. The purpose of Another disadvantage of these plates is that to achieve the 

the washing and centrifugation is to eliminate any toxic serial transfer of microspores to subsequent media, the 

compounds which are contained in the non-microspore part membrane support with cells must be peeled off the insert in 

of the filtrate and are created by the chopping process. The 65 the wells. This procedure docs not produce as good a yield 

centrifugation is usually done at decreasing spin speeds, for nor as erScien! transfers, as when a mesh is used as a vehicle 

example, 1000, 750, and finally 500 rpms. for cell transfer. 
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The culture vessels can be fuitber defined as either (1) a 
bilavcr 60 nam pelri plate wherein the bottom 2 ml of 
medium are solidified with 0.7 percent agarose, overlaid 
with 1 mm of liquid containing the microspores; (2) a nylon 
mesh raft wherein a wafer of nylon is floated on li ml of 
medium and 1 ml of isolated microspores is pipetted on top; 
or (3) TRANSWELL® plates wherein isolated microspores 
are pipetted onto membrane inserts which support the 
microspores at Ibe surface of 2 ml of medium. 

After tbe microspores have been isolated, they are cul- 
tured in a low strength anther culture medium until about the 
50 cell stage when they arc subcultured onto an cmbryoid/ 
callus maturation medium. Medium is defined at this stage 
as any combination of nutrients that permit the microspores 
to develop into cmbryoids or callus. Many examples of 
suitable cmbryoid/callus promoting media are well known to 
those skilled in the art. These media will typically comprise 
mineral salts, a carbon source, vitamins, growth regulations. 
A solidifying agent is optional. A preferred embodiment of 
sucb a media is referred to by tbe inventor as the **D 
medium" which typicaJly includes 6N1 salts, AgN0 3 and 
sucrose or maltose. 

In an illustrative embodiment, 1 ml of isolated 
microspores are pipetted onto a 10 mm nylon raft and the 
raft is floated on 1.2 ml of medium M D", containing sucrose 
or, preferably maltose. Both call) and cmbryoids can 
develop. Calli arc undifferentiated aggregates of cells. Type 
I is a relatively compact, organized and slow growing callus. 
Type I] is a soft, friable and fast-growing one. Embryoids are 
aggregates exhibiting some embryo-like structures. Tbe 
embryoids arc preferred for subsequent steps to regenerating 
plants. Culture medium "D" is an embodiment of medium 
that follows Ibe isolation medium and replaces it. Medium 
M D" promotes growth to an cmbryoid/callus. This medium 
comprises 6N1 salts at V» the strength of a basic stock 
solution, (major components) and minor components, plus 
12 percent sucrose or, preferably 12 percent maltose, 0.1 
mg/1 Bl, OS mg/1 nicotinic acid, 400 mg/1 proline and 0.5 
mg/1 silver nitrate. Silver nitrate is believed to act as an 
inhibitor to the action of ethylene. Multi-cellular structures 
of approximately 50 cells each generally arise during a 
period of 12 days to 3 weeks. Serial transfer after a two week 
incubation period is preferred. 

After the pelri dish has been incubated for an appropriate 
period of time, preferably two weeks, in the dark at a 
predefined temperature, a raft bearing the dividing 
microspores is transferred serially to solid based media 
which promotes embryo maturation. In an illustrative 
embodiment, tbe incubation temperature is 30° C and tbe 
mesh raft supporting tbe embryoids is transferred to a 100 
mm pelri dish containing tbe 6N1-TGR-4P medium, an 
"anther culture medium." This medium contains 6N1 salts, 
supplemented with 0.1 mg/1 TIB A, 12 percent sugar 
(sucrose, maltose or a combination thereof), 0.5 percent 
activated charcoal, 400 mg/1 proline, 0.5 mg/I B, 0.5 mg/1 
nicotinic acid, and 0.2 percent GELRITE™ (solidifying 
agent) and is capable of promoting the maturation of tbe 
embryoids. Higher quality cmbryoids, that is, embryoids 
which exhibit more organized development, such as better 
sboot me rist em forma don without precocious germination 
were typically obtained with tbe transfer to full strength 
medium compared to those resulting from continuous cul- 
ture using only, for example, the isolated microspore culture 
(IMC) Medium "D." Tbe maturation process permits the 
pollen embryoids to develop further in route toward the 
eventual regeneration of plants. Serial transfer occurs to full 
strength solidified 6N1 medium using either tbe nylon raft. 
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the TRANSWELL® membrane or bOayer plates, each one 
requiring tbe movement of developing embryoids to permit 
further development into physiologically more mature struc- 
tures. 

5 In an especially preferred embodiment, microspores are 
isolated in an isolation media comprising about 6 percent 
maltose, cultured for about two weeks in an cmbryoid'calli 
induction medium comprising about 12 percent maltose and 
then transferred to a solid medium comprising about 12 
10 percent sucrose. 

At tbe point of transfer of the raft after about two weeks 
incubation, embryoids exist on a nylon support. Tbe purpose 
of transf erring the raft with tbe embryoids to a solidified 
medium after the incubation is to facilitate embryo manua- 
ls tion. Mature embryoids at this point arc selected by visual 
inspection indicated by zygotic embryo-like dimensions and 
structures and are transferred to the shoot initiation medium. 
It is preferred that shoots develop before roots, or that shoots 
and roots develop concurrently. If roots develop before 
20 shoots, plant regeneration can be impaired. To produce 
solidified media, tbe bottom of a pelri dish of approximately 
100 mm is covered with about 30 ml of 4.2 percent GEL- 
RITE™ (solidifying agent) solidified medium. A sequence 
of regeneration media arc used for whole plant formation 
25 from tbe embryoids. 

During the regeneration process, individual embryoids are 
induced to form plantlets. Tbe number of different media in 
- .tbe sequence can vary depending on the specific protocol 
used. Finally, a rooting medium is used as a prelude to 
30 transplanting to soil. When plantlets reach a height of about 
5 cm, tbey arc then transferred to pots for further growth into 
flowering plants in a greenhouse by methods well known to 
those skilled in tbe art. 

Plants have been produced from isolated microspore 
35 cultures by methods disclosed herein, including self- 
pollinated plants. The rate of cmbryoid induction was much 
higher with the synergistic prcculture treatment consisting of 
a combination of stress factors, including a carbon source 
which can be capable of inducing starvation, a cold tem- 
40 pcrature and colchicine, than has previously been reported. 
An illustrative embodiment of tbe synergistic combination 
of treatments leading to the dramatically improved response 
rate compared to prior methods, is a temperature of about 
10° C, mannitol as a carbon source, and 0.05 percent 
45 colchicine. 

Tbe inclusion of ascorbic acid, an antioxidant, in the 
isolation medium is preferred for maintaining good 
microspore viability. However, there seems to be no advan- 
tage to including mineral salts in the isolation medium. Tbe 
50 osmotic potential of tbe isolation medium was maintained 
optimally with about 6 percent sucrose, although a range of 
2 percent to 12 percent is within the scope of this invention. 

In an embodiment of tbe cmbryoid/callus organizing 
media, mineral salts concentration in IMC Culture Media 
55 **D" is (Vax), ibe concentration which is used also in anther 
culture medium. The 6N1 salts major components nave been 
modified to remove ammonium nitrogen. Osmotic potential 
in the culture medium is maintained with about 12 percent 
sucrose and about 400 mg/I proline. Silver nitraie (0.5 mg/1) 
60 was included in tbe medium to modify ethylene activity. The 
prcculture media is further characterized by having a pH of 
about 5.7 to 6.0. Silver nitraie and vitamins do not appear to 
be crucial to this medium but do improve tbe efficiency of 
the response. 

65 Whole anther cultures can also be used in tbe production 
of monocotyledonous plants from a plant culture system. 
There are some basic similarities of anther culture methods 
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aod microspore culture methods with regard to the media shoot initiation medium comprises BAP (6-bcnzyl-amino- 

used. A difference from isolated microspore cultures is that purine) and NAA (naphthalene acetic acid). Regeneration 

undisrupted anthers are cultured, so that a support, eg., a protocols for isolated microspore cultures and anther cul- 

nylon mesh support, is not needed. The first step in devel- turcs are similar. 

oping the anther cultures is to incubate tassels at a cold 5 JX. OTHER CULTURES AND REGENERATION 

temperature. A cold temperature is defined as less than about The present invention contemplates a corn plant regener- 

25° C. More specifically, the incubation of the tassels is ated from a tissue culture of an inbred (e.g., 87DIA4) or 

preferably performed at about 10° C. A range of 8 to 14° C. hybrid plant (e.g., 4033843) of ibe present invention. As is 

is also within the scope of the invention. The anthers are then well known in the art, tissue culture of corn can be used for 

dissected from the tassels, preferably after surface steriliza- 30 the in vitro regeneration of a corn plant. By way of example, 

tion using forceps, and placed on solidified medium. An a process of tissue culturing and regeneration of com is 

example of such a medium is designated by the inventors as described in European Patent Application, publication 160, 

6N1-TGR-P4. 390, the disclosure of which is incorporated by reference. 

The anthers are then treated with environmental condi- Com tissue culture procedures arc also described in Green & 

lions that area combinations of stresses that are capable of 15 Rhodes (1982) and Duncan et ah, (1985). The study by 

diverting microspores from gametogenesis to embryogen- Duncan et al. (1985) indicates that 97 percent of cultured 

esis. It is believed that the stress effect of sugar alcohols in plants produced calli capable of regenerating plants. Subser 

the preculture medium, for example, mannitol, is produced quent studies have shown that both inbreds and hybrids 

by inducing starvation at the predefined temperature. In one produced 91 percent regenerate calli that produced plants, 

embodiment, the incubation pretreatment is for about 14 20 Other studies~indicate that non-traditional tissues are 

days at 10° C It was found that treating the anthers in capable of producing somatic embryogenesis and plant 

addition with a carbon structure, an illustrative embodiment regeneration. See, e.g., Songstad cl.al. {1988); Rao et al. 

being a sugar alcohol, preferably, mannitol, produces dra- (1986); and Conger et al. (1987), the disclosures of which 

matically higher anther culture response rales as measured are incorporated herein by reference. .Regenerate cultures 

by the number of eventually regenerated plants, than by 25 may be initiated from immature embryos as described in 

treatment with cither cold treatment or mannitol alone. PCT publication WO 95/06128, the disclosure of which is 

These results are particularly surprising in light of teachings incorporated herein by reference. 

that cold is better than mannitol for these purposes, and that • - Briefly, by way of example, to regenerate a plant of this 

warmer temperatures interact with mannitol better. invention, cells are selected following growth in culture. 

To incubate the anthers, they are floated on a preculture 30 Where employed, cultured cells are preferably grown either 

medium which diverts the microspores from gametogenesis, on solid supports or in the form of liquid suspensions as set 

preferably on a mannitol carbon structure,, more form above. In either instance, nutrients are provided to the 

specifically, 0.3 M of mannitol plus 50 mg/1 of ascorbic acid. cells in the form of media, and environmental conditions are 

3 ml is about tbc total amount in a dish, for example, a tissue controlled. There are many types of tissue culture media 

culture dish, more specifically, a 60 mm petri dish. Anthers 35 comprising amino acids, salts, sugars, hormones and vita- 

arc isolated from about 120 spike lets for one dish yields mins. Most of the media employed to regenerate inbred and 

about 360 anthers. hybrid plants have some similar components, the media ' 

Chromosome doubling agents can be used in the precul- differ in the composition and proportions of their ingredients 

ture media for anther cultures. Several techniques for dou- depending on the particular application envisioned. For 

Ming chromosome number (Jensen, 1974; Wan et al, 1989) 40 example, various cell types usually grow in more than one 

have been described. Colchicine is one of the doubling type of media, but exhibit different growth rales and differ- 

agents. However, developmental abnormalities arising from ent morphologies, depending on the growth media. In some 

in vitro cloning are further enhanced by colchicine media, cells survive but do not divide. Various types of 

treatments, and previous reports indicated that colchicine is media suitable for culture of plant cells have been previously 

toxic to microspores. The addition of colchicine in mere as- 45 described and discussed above. 

ing concentrations during mannitol pretreatment prior to An exemplary embodiment for culturing recipient corn 

anther culture and microspore culture has achieved cells in suspension cultures includes using embryogenic 

improved percentages. cells in Type 11 (Armstrong & Green, 1 985; (Gordon-Kamm 

An illustrative embodiment of the combination of a et a)., 1990) callus, selecting for small (10 to 30 m) 

chromosome doubling agent and preculture medium is one 50 isodiaroetric, cytoplasmically dense cells, growing the cells 

which contains colchicine. In a specific embodiment, the in suspension cultures with hormone containing media, 

colchicine level is preferably about 0.05 percent. The subculturing into a progression of media to facilitate devel- 

anthers remain in tbc mannitol preculture medium with the opment of shoots and roots, and finally, hardening the plant 

additives for about 10 days at 10° C. Anthers arc then placed and readying it metabolically for growth in soil, 

on maturation media, for example, that designated 6N1- 55 Mcristematic cells (i.e., plant cells capable of continual 

TGR-P4, for 3 to 6 weeks to induce embryoids. If the plants cell division and characterized by an undifferentiated cyto- 

are to be regenerated from the cmbryoids, shoot regeneration logical appearance, normally found at growing points or 

medium is employed, as in the isolated microspore proce- tissues in plants such as root tips, stem apices, lateral buds, 

dure described in the previous sections. Other regeneration etc.) can be cultured. 

media can be used sequentially to complete regeneration of 60 Embryogenic calli are produced essentially as described 

whole plants. in PCT Publication WO 95/06128. Specifically, inbred 

The anthers are then exposed to cmbryoid/callus promot- plants or plants from hybrids produced from crossing an 

ing medium, for example, that designated 6N1-TGR-P4 to inbred of the present invention with another inbred arc 

obtain callus oi embryoids. The embryoids are recognized grown to flowering in a greenhouse. Exp lams from at least 

by identification visually of embryonic-like structures. At 65 one of the following Fj tissues: tbc immature tassel tissue, 

this stage, the embryoids arc transf erred serially to a series intercalary meristems and leaf bases, apical meristems, 

of regeneration media. In an illustrative embodiment, :be immature ears and immature embryos are placed in an 
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initiation medium which contain MS salts, supplemented 
with thiamine, agar, and sucrose. Cultures are incubated in 
the dark at about 23° C. AD culture manipulations and 
selections arc performed with the aid of a dissecting micro- 
scope. 5 

After about 5 to 7 days, cellular outgrowths are observed 
from the surface of the cxplants. After about 7 to 21 days, the 
outgrowjis are subcultured by placing tbem into fresh 
medium of the same composition. Some of the intact imma- 
ture embryo cxplants are placed on fresh medium. Several jo 
subcultures later (after about 2 to 3 months) enough material 
is present from cxplants for subdivision of these embryo- 
genie caUi into two or more pieces. 

Callus pieces from different explants are not mixed. After 
further growth and subculture (about 6 months after embryo- 35 
genie callus initiation), there are usually between 1 and 100 
pieces derived ultimately from each selected explanl. During 
this lime of culture expansion, a characteristic embryogenic 
culture morphology develops as a result of careful selection 
at each subculture. Any organized structures resembling 20 
roots or root primordia are discarded. Materia) known from 
experience to lack the capacity for sustained growth is also 
discarded (translucent, watery, embryogenic structures). 
Structures with a firm consistency resembling at least in part 
the scutelum of the in vivo embryo are selected. 25 

The caUus is maintained on a gar-solidified MS or N6-typc 
media. A preferred hormone is 2,4-D. A second preferred 
hormone is dicamba. Visual selection of embryo-like struc- 
tures is done to obtain subcultures. Transfer of material other 
than that displaying embryogenic morphology results in loss 30 
of the ability to recover whole plants from the callus. 

Cell suspensions arc prepared from the calb" by selecting 
cell populations that appear homogeneous macroscopically. 
A portion of the friable, rapidly growing embryogenic calb" 
is inoculated into MS or N6 Medium containing 2,4-D or 35 
dicamba. The calli in medium are incubated at about 27° C. 
on a gyrotary shaker in the dark or in the presence of low 
light. Tbe resultant suspension culture is transferred about 
once every three to seven days, preferably every three to 
four days, by taking about 5 to 10 ml of the culture and ao 
introducing this inoculum into fresb medium of the compo- 
sition listed above. 

For regeneration, embryos which appear on the callus 
surface are selected and regenerated into whole plants by 
transferring the embryogenic structure, into a sequence of 45 
solidified media which include decreasing concentrations of 
2,4-D or other auxins. Other hormones which can be used in 
culture media include dicamba, NAA, ABA, BAP, and 
2-NCA. The reduction is relative to the concentration used 
in culture maintenance media. Plantlets are regenerated from 50 
these embryos by transfer to a bormone-frec medium, sub- 
sequently transferred to soil, and grown to maturity. 

Progeny are produced by taking pollen and selling, back- 
crossing or sibling regenerated plants by methods well 
known to those skilled in the arts. Seeds are collected from 55 
the regenerated plants. 

X. PROCESSES OF PREPARING CORN PLANTS AND 
THE CORN PLANTS PRODUCED BY SUCH CROSSES 
The present invention also provides a process of preparing 
a novel corn plant and a corn plant produced by such a fO 
process. In accordance with such a process, a first parent 
corn plant is crossed with a second parent corn plant wherein 
at least one of the first and second corn plants is the inbred 
corn plant 87D1A4. In one embodiment, a com plant pre- 
pared by such a process is a first generation F a hybrid com 65 
plant prepared by a process wherein both the first and second 
parent corn plants are inbred corn plants. 
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Corn plants (Zea mays L.) can be crossed by either natural 
or mechanical techniques. Natural pollination occurs in com 
when wind blows pollen from the tassels to the silks that 
protrude from the tops of the incipient ears. Mechanical 
pollination can be effected either by controlling the types of 
pollen that can blow onto the silks or by pollinating by band. 

In a preferred embodiment, crossing comprises the steps 
of: 

(a) planting in pollinating proximity seeds of a first and a 
second parent com plant, and preferably, seeds of a first 
inbred corn plant and a second, distinct inbred com 
plant; 

(b) cultivating or growing the seeds of the first and second 
parent corn plants into plants that bear flowers; 

(c) emasculating flowers of either the first or second 
parent corn plant, i.e., treating the flowers so as to 
prevent pollen production, in order to produce an 
emasculated parent corn plant; 

(d) allowing natural cross-pollination to occur between 
the first and second parent corn plant; 

(c) harvesting seeds produced on the emasculated parent 
corn plant; and, where desired, 

(f) growing the harvested seed into a com plant, or 
preferably, a hybrid corn plant. - 

Parental plants are planted in pollinating proximity to 
each other by planting the parental plants in alternating 
rows, in blocks or in any other convenient planting pattern. 
Plants of both parental parents are cultivated and allowed to 
grow until the time of flowering. Advantageously, during 
this growth stage, plants are in general treated with fertilizer 
and, or other agricultural chemicals as considered appropri- 
ate by the grower. 

At the time of flowering, in the event that plant 87D1A4, 
is employed as the male parent, the tassels of the other 
parental plant are removed from all plants employed as the 
female parental plant. The delasseling can be achieved 
manually but also can be done by machine, if desired. 

The plants are then allowed to continue to grow and . 
natural cross- pollination occurs as a result of the action of 
wind, which is norma] in the pollination of grasses, includ- 
ing corn. As a result of the emasculation of the female parent 
plant, all the pollen from the male parent plant 87D1A4 is 
available for pollination because tassels, and thereby pollen 
bearing flowering parts, have been previously removed from 
all plants of the inbred plant being used as the female in the 
hybridization. Of course, during this hybridization 
procedure, the parental varieties are grown such that they arc 
isolated from other corn fields to minimize or prevent my 
accidental contamination of pollen from foreign sources. 
These isolation techniques arc well within the skill of those 
skilled in this art. 

Both parental inbred plants of corn may be allowed to 
continue to grow until maturity or the male rows may be 
destroyed after flowering is complete. Only the ears from the 
female inbred parental plants are harvested to obtain seeds 
of a novel F, hybrid. The novel F, hybrid seed produced can 
then be planted in a subsequent growing season with the 
desirable characteristics in terms of F, hybrid aim plants 
providing improved grain yields and the other desirable 
characteristics disclosed herein, being achieved. 

Alternatively, in another embodiment, both first and sec- 
ond parent corn plants can come from the same inbred corn 
plant, i.e., from the inbred designated 87DIA4. Thus, any 
corn plant produced using a process of the present invention 
and inbred corn plant 87DIA4, is contemplated by this 
invention. As used herein, crossing can mean selfing, 
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backcrossing, crossing to another or ibe same inbred, cross- 
ing to populations, and lbe like. All com plants produced 
using the present inbred corn plant 87D1A4 as a parent are 
within the scope of this invention. 

The utility of the inbred plant 87DIA4 also extends to 
crosses with other species. Commonly, suitable species will 
be of the family Graminaceae, and especially of the genera 
Zea, Tripsacum, Coix, Schlerachne, Polytoca, Chionacbntr, 
and Trilobacbnc, of the tribe Maydeae. Of these, Zea and 
Tripsacum* arc most preferred. Potentially suitable for 
crosses with 87DIA4 can be the various varieties of grain 
sorghum, Sorghum bicolor (L.) Mocnch. 

A. F, HYBRID CORN PLANT AND SEED PRODUC- 
TION 

Where the inbred com plant 87DIA4 is crossed with 
another, different, corn inbred, a first generation (FJ corn 
hybrid plant is produced. Both a F, hybrid corn plant and a 
seed of that F, hybrid corn plant are contemplated as aspects 
of the present invention. 

Inbred 87D1 A4 has been used to prepare an F 3 hybrid corn 
plant, designated 4033843. 

The goal of a process of producing an Fj hybrid is to 
manipulate the genetic complement of com to generate new 
combinations of genes which interact to yield new, or 
improved traits (pbenotypic characteristics). A process of 
producing an F, hybrid typically begins with the production 
of one or more inbred plants. Those plants are produced by 
repeated crossing of ancestrally related com plants Id try and 
concentrate certain genes within the inbred plants. The 
production of inbred 87DIA4 has been set forth hereinbe- 
fore. 

Corn has a diploid phase which means two conditions of 
a gene (two alleles) occupy each locus (position on a 
chromosome). If the alleles arc the same at a locus, there is 
said to be homozygosity. If they are different, there is said 
to be heterozygosity. In a completely inbred plant, all loci 
are homozygous. Because many loci when homozygous are 
deleterious to the plant, in particular leading to reduced 
vigor, less kernels, weak and/or poor growth, production of 
inbred plants is an unpredictable and arduous process. Under 
some conditions, heterozygous advantage aLsomc loci effec- 
tively bars perpetuation of homozygosity. 

Inbreeding requires coddling and sophisticated manipu- 
lation by human breeders. Even in the extremely unlikely 
event inbreeding rather than crossbreeding occurred in natu- 
ral corn, achievement of complete inbreeding cannot be 
expected in nature due to well known deleterious effects of 
homozygosity and the large number of generations the plant 
would have to breed in isolation. The reason for the breeder 
to create inbred plants is to have a known reservoir of genes 
whose gametic transmission is at least somewhat predict- 
able. 

The development of inbred plants generally requires at 
least about 5 to 7 generations of selling. Inbred plants are 
then cross-bred in. an attempt to develop improved F, 
hybrids. Hybrids are then screened and evaluated in small 
scale field trials. Typically, about 10 to 15 pbenotypic traits, 
selected for their potential commercial value, are measured. 
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A selection index of the most commercially important traits 
is used to help evaluate hybrids. FACT, an acronym for Field 
Analysis Comparison Trial (strip trials), is an on- farm test- 
ing program employed by DEKALB Plant Genetics to 
perform the final evaluation of the commercial potential of 
a product. 

During the next several years, a progressive elimination 
of hybrids occurs based on more detailed evaluation of their 
^ phenotypc. Eventually, strip trials (FACT) are conducted to 
formally compare the experimental hybrids being developed 
with other hybrids, some of which were previously devel- 
oped and generally arc commercially successful. That is, 
comparisons of experimental hybrids are made to coropeli- 
. live hybrids to determine if there was any advantage to 
further commercial development of the experimental 
hybrids. Examples of such comparisons are presented in 
Section B, here in below. 

When the inbred parental plant 87D1A4 is crossed with 

20 another inbred plant to yield a hybrid (such as the hybrid 
4033843), the original inbred can serve as either the mater- 
nal or paternal plant. For many crosses, the outcome is the 
same regardless of the assigned sex of the parental plants. 
However, there is often one of the parental plants that is 

25 preferred as the maternal plant because of increased seed 
yield and production characteristics. Some plants produce 
tighter ear husks leading to more loss, for example due to 
rot. There can be delays in silk formation which deleteri- 
ously affect timing of the reproductive cycle for a pair of 

30 parental inbreds. Seed coat characteristics can be preferable 
in one plant. Pollen can be shed better by one plant. Other 
variables can also affect preferred sexual assignment of a 
particular cross. 

B. F, HYBRID COMPARISONS 

35 As mentioned in Section A, hybrids arc progressively 
eliminated following detailed evaluations of their 
pbenotype, including formal comparisons with other com- 
mercially successful hybrids. Strip trials are used to compare 
the pbenolypes of hybrids grown in as many environments 

40 as possible. They arc performed in many environments to 
assess overall performance of the uew hybrids and to select 
optimum growing conditions. Because the com is grown in 
close proximity, environmental factors that affect gene 
expression, such as moisture, temperature, sunlight and 

45 pests, are minimized. For a decision to be made that a hybrid 
is worth making commercially available, it is not necessary 
that the hybrid be better than all other hybrids. Rather, 
significant improvements roust be shown in at least some, 
trails that would create improvements in some niches. 

50 Examples of such comparative data are set forth hcrcin- 
below in Table 6, which presents a comparison of perfor- 
mance data for I he hybrid 4033843, a hybrid made with 
87DI A4 as one parent, versus a selected hybrid of commer- 
cial value (DK442). 

55 All Ihe data in Table 6 represents results across years and 
locations for research and/or strip trials. The "NTEST* 
represents the number of paired observations in designated 
tests at locations around the United States. 



TABLE 6 



COMPARATIVE DATA FOR 4033843 


HYBRID 


SI YLD MST STL RTL 
NTEST %C BU PTS % * 


DRP 
% 


FLSTD 
* M 


sv 

RAT 
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TABLE 6-conliDued 



COMPARATIVE DATA FOR «0J3*43 



4033843 


R 93 


hoj 


1563 


19.9 


5.2 


1.4 


0.1 


101.0 


4.1 


DK442 




99.0 


147.7 


19* 


7.] 


5.2 


0.1 


1003 


4.1 


DEV 




U3" 


8.6" 


0.1 


-13- 


- -3.8" 


0.0 


0.2 


-0.1 






ELSTD 


PHT 


EHT 


BAR 


SG TST 






ESTR 


HYBRID 


NTEST 


% M 


INCH 


INCH 




RAT LBS 




PGDU 


DAYS 


4033543 


R 93 


104.4 


89.8 


403 




5.0 54.2 




1214J0 


94.0 


DK442 




3023 


90.2 


433 




3.1 53.4 




1251.0 


933 


DEV 




13* 


-0.4 


-3.0" 




1.8" 0.8" 


-36.9" 


0.1 



Significance levels are indicated w: 

♦ • 10 percent, 

• - 5 percent, 

- 1 percent. 
LEGEND ABBREVIATIONS: 
HYBD - Hybrid 
TEST - Research/FACT 
SI * C - Selection Index (percent of check) 
YLD BU - Yield (bushels/acre) 
MST PTS - Moisture 
STL * - Stalk Lodging (percent) 
RTL % - Root Lodging (percent) 
DRP % - Dropped Ear* (percent) 
FLSTD % M - Final Stand (percent of test mean) 
SV RAT - Seedling Vigor Rating 
ELSTD % M - Early Stand (percent of test mean) 
PHT INCH - Plant Height (inches) 
EHT INCH - Ear Height (inches) 
BAR % - Barren Plant* (percent) 
SG RAT - Stay green Rating 
TST LBS - Test Weight (pound*) 
PGDU - GDU* to Shed 
ESTR DAYS - Estimated Relative Maturity 
(day.) 



As can be seen in Table 6, the hybrid 4033843 has 
significantly higher yield wilh comparable moisture content 
when compared to a successful commercial hybrid. Signifi- 
cant differences are also shown in Table 6 for many other 
traits. 

C PHYSICAL DESCRIPTION OF F, HYBRIDS 
The present invention also provides F 2 hybrid corn plants 
derived from the com plant 87D1A4. Physical characteristics 
of exemplary hybrids are set forth in Table 7, which con- 
cerns 4033843, which has 87DIA4 as one inbred parent. An 
explanation of terms used in Table 7 can be found in the 
Definitions, set forth herein above. 

TABLE 7 

MORPHOLOGICAL TRAITS FOR 
THE 4033843 PHENOTYPE 
YEAR OF DATA: 1996 
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TABLE 7-contioued 



CHARACTERISTIC 



VALUE 



STALK 

Diameter (width) cm 

Anthocyanin 

Nodes with Brace Roots 

Brace Root Color 

Intercede Direction 

Intcmode Length cm. 

LEAF 

Color 

Length cm. 
Width an. 
Sheath Anthocyanin 
Sheath Pubescence 
Marginal Waves 
Longitudinal Creases 



2.6 

Absent 

2.5 

Red 

Straight 

16.0 

Med Green 

79.9 

10.7 

Absent 

Medium 

Medium 

Few 
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MORPHOLOGICAL TRAITS FOR 
THE 4033843 PHENOTYPE 
YEAR OF DATA: 1996 



CHARACTERISTIC 


VALUE 


TASSEL 




Attitude 


Compact 


Length cm. 


48.1 


Spike Length cm. 


27.4 


Pedunde Length cm. 


121 


Branch Number 


7.5 


Anther Color 


Red 


Glume Color 


Purple 


Glume Band 


Absent 


EAR 




Sill Color 


Tan 


Number Per Stalk 


1.1 


Position (attitude) 


Upright 


Length cm. 


20.7 


Shape 


Semi-conical 


Diameter cm. 


4.7 


Weight gm. 


222.8 


Shank Length cm. 


ia7 


Husk Bract 


Short 


Husk Opening 


Open 


Husk Color Fresh 


Green 


Kjsk Color Dry 


Buff 


Cob Diameter cm. 


2.4 


Cob Color 


Red 


Shelling Percent 


88.6 


KERNEL 




Row Number 


15.4 


Number Per row 


426 


Row Direction 


Straight '■' 


Type 


Dent 
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MORPHOLOGICAL TRAITS FOR 
THE 4053843 PHENOTYPE 
YEAR OF DATA: 1996 



CHARACTERISTIC 



VALUE 



Op Color 


Yellow 


Side Color 


Deep Yellow 


Length (depth) mm. 


12.0 


Width mm. 


7.9 


Thickness 


4.1 


Weight of 1000K gm. 


307.0 


Endosperm TVpc 


Normal 


Endosperm Coloi 


Yellow 



10 



15 



20 



25 



•These ore typical values. Values may vary due to environment. Other values 
that arc substantially equivalent arc also within the scope of the invention. 
. Substantially equivalent refers to quantitative traits that when compared do 
not show statistical differences of their means. 

XI. GENETIC COMPLEMENTS 

Id another aspect, the present invention provides a genetic 
complement of a plant of this invention. Id one embodiment, 
therefore, the present invention contemplates an inbred 
genetic complement of the inbred corn plant designated 
87D1A4. In another embodiment, the present invention 
contemplates a hybrid genetic complement formed by the 
combination of a haploid genetic complement from 87DIA4 
and another haploid genetic complement. Means for deter* 
mining a genetic complement are well-known in the art. 

As used herein, the phrase "genetic complement" means 
an aggregate of nucleotide sequences, the expression of 30 
which sequences defines the pbenotype of a com plant or a 
cell or tissue of that plant. By way of example, a corn plant 
is genotyped to determine the array of the inherited markers 
it possesses. Markers are alleles at a single locus. They are 
preferably inherited in codominant fashion so that the pres- 
ence of both alleles at a diploid locus is readily detectable, 
and they are free of environmental variation, i.e., tbeir 
berit ability is 1 . This genotyping is preferably performed on 
at least one generation of the descendant plant for which the 
numerical value of the quantitative trait or traits of interest 
are also determined. The array of single locus genotypes is 
expressed as a profile of marker alleles, two at each locus. 
The marker allelic composition of each locus can be either 
homozygous or heterozygous. Homozygosity is a condition 
where both alleles at a locus are characterized by the same 
nucleotide sequence. Heterozygosity refers to different con- 
ditions of the gene at a locos. Markers that are used for 
purposes of this invention include restriction fragment 
length polymorphisms (RFLPs) and isozymes. 

A plant genetic complement can be defined by genetic 
marker profiles that can be considered "fingerprints'* of a 
genetic complement For purposes of this invention, markers 
are preferably distributed evenly throughout the genome to 
increase the likelihood they will be near a quantitative trait 
loci (QTL) of interest (e.g., in tomatoes, Hclentjaris el aL, 
US. Pat. No. 5,385,835, Nienhuis et al., 1987). These 
profiles are partial projections of a sample of genes. One of 
the uses of markers in general is to exclude, or alternatively 
include, potential parents as contributing to offspring. 

Pbcnotypic traits characteristic of the expression of a 
genetic complement of this invention are distinguishable by 
electrophoretic separation of DNA sequences cleaved by 
various restriction endonucleases. Those traits (genetic 
markers) are termed RFLPs (restriction fragment length 
polymorphisms). 

Restriction fragment length polymorphisms (RFLPs) are 
genetic differences detectable by DNA fragment lengths, 
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typically revealed by agarose gel electrophoresis, after 
restriction cndonucleasc digestion of DNA. There are large 
numbers of restriction endonucleases available, character- 
ized by their nucleotide cleavage sites and their source, e.g., 
Eco RI. Variations in RFLPs result from nucleotide base pair 
differences which alter the cleavage sites of the restriction 
endonucleases, yielding different sized fragments. 

Means for performing RFLP analyses are well known in 
the art. Restriction fragment length polymorphism analyses 
reported herein were conducted by Linkage Genetics. This 
service is available to the public on a contractual basis. 
Probes were prepared to the fragment sequences, these 
probes being complementary to the sequences thereby being 
capable of hybridizing to them under appropriate conditions 
well known to those filled in the art. These probes were 
labeled with radioactive isotopes or fluorescent dyes for ease 
of detection. After the fragments were separated by size, 
they were identified by the probes. Hybridization wjib a 
unique cloned sequence permits the identification of a 
specific chromosomal region (locus). Because all alleles at. 
a locus are detectable, RFLPs are codominant alleles, 
thereby satisfying a criteria for a genetic marker. They differ 
from some other types of markers, e.g., from isozymes, in 
that they reflect the primary DNA sequence, they are not 
products of transcription or translation. Furthermore, differ- 
ent RFLP genetic marker profiles result from different arrays 
of restriction endonucleases. 

The RFLP genetic marker profile of each of tbe parental 
inbreds and exemplary resultant hybrids were determined. 
Because an inbred is essentially homozygous at all relevant 
loci, an inbred should, in almost all cases, heve only one 
allele at each locus. In contrast, a diploid genetic marker 
profile of a hybrid should be the sum of those parents, e.g., 
if one inbred parent had the allele A at a particular locus, and 
the other inbred parent had B, the hybrid is AB by inference. 
Subsequent generations of progeny produced by selection 
and breeding are anticipated to be of genotype A, B, or AB 
for that locus position. When the Fl plant is used to produce 
an inbred, the locus should be either A or B for that position. 
Surprisingly, it has been observed that in certain instances, 
novel RFLP genotypes arise during the breeding process. 
For example, a genotype of C is observed at a particular 
locus position from tbe cross of parental inbreds with A and 
B at that locus. Such a novel RFLP genotype is observed for 
the 87DIA4, at least, for the RFLP markers M5213S and 
M8B2369S, as shown in Table 8. These novel RFLP markers 
further define the 87D1A4 inbred from the parental inbreds 
from which it was derived. An RFLP genetic marker profile 
of 87D1A4 is presented in Table 8. 

TABLE 8 

RFLP PROFILE OF 87P1A4 



55 



60 



65 



PROBE/ENZYME 


87DIA4 


2FACC 


3AZA1 


AQA* 


M0264H 


D 


O 


G 


D 


M0306H 


A 


A 




A 


M0445E 


c 


B 


B 


C 


M1120S 


F 




D 


F 


M1234H 


D 


D 


E 


E 


M1236H 


A 


A 




A 


M123SH 


A 


A 


F 


K 


M3401E 


C 


C 


C 


A 


M1406H 


A 




B 


B 


M3447H 


B 


B 


E 


B 


MJB725E 


B 


B 


C 


C 


M2239H 


A 


A 


C 


C 


M2297H 


A 


A 


E 


A 
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TABLE 8-continued 





RFLP PROFILE OF 87DIA4 






PROBE/ENZYME 


87DIA4 


2FACC 


3A2A1 




M2298E 




C 


B 


C 


c 


M2402H 




E 


E 


E 


E 


M3232S 




A 


A 


B 


A 


M3247E 




D 


B 


D 


D 


M3257S 




B 


B 


B 


B 


M3296H 




V 


A 


D 


D 


M3432H 






1 


A 


A 


M3446S 




r- 
t- 


B 


C 


C 


M3457E 




r 
C 


c 
c 


E 


E 


M4386H 




p 


B 


A 


A 


M4396H 




H 


H 


F 


F 


M4444H 




n 

J3 


B 


A 


A 


M4UMC39H 




A 


A 


A 


A 


M4UMQ1S 




D 


A 


B 


D 


M5233S 




B 


A 


B 


A 


M5295E 




C 


D 


C 


C 


M5408H 




A 


A 


A 


A 


M5579S 




B 


B 


B 


B 


M5UMC95H 




A 


A 


B 


B 


M6223E 




C 


C 


C 


C 


M6252H 




D 


— 


D 


E 


M6280H 




E 


E 


A 


A 


M6373E 




A 


E 


A 


A 


M7263E 




A 


C 


A 


A 


M7391H 




C 


c 


A 


A 


M7392S 




C 


c 


B 


C 


M7455H 




A 


A 


C 


c 


M8JJ0S 




C 


c 


c 


c 


M81J4E 




B 


B 


E 


E 


M8268H 




B 


B 


B 


B 


MS585H 




A 


A 


A 


A 


M8B2369S 




B 


D 


B 


D 


M8UMC48E 




C 


C 


C 


C 


M9209E 




C 


C 


A 


A 


M9266S 




A 


A 


C 


C 


M9B733S 




A 


A 


B 


B 


M2UMC34H 




D 


D 


D 




M6UMC85H 




A 


A 


A 




M9UMC94H 




E 


E 


B 




M3UM323X 




C 


C 


C 




MOUMC330 




c 


H 







TABLE 9 



ISOZYME PROFILE OF 87DLA4 



ISOZYMF A11RF 



30 



3.* 



20 



LOCUS 


87DLA4 


2FACC 


Acphl 


4. 


2 


Adhl 


4 


4 


Cai3 


9 


9 


Goll 


4 


4 


GoC 


4 


4 


Goi3 


4 


4 


IdhJ 


4 


4 


Idb2 


6 


6 


MdM 


6 


6 


Mdh2 


3.5 


3_5 


Mdh3 


16 


16 


Mdb4 


12 


i2 


Mdh5 


J 2 


n 


Pgml 


9 


9 


Pgm2 


"4 


4 


6Pgdl 


3-8 


3.8 


6Pgd2 


5 


5 


PhiJ 


4 


4 



3AZA1 



AQA3 



4 
4 

9 

4 

4 

4 

4 

6 

6 

3 
16 
12 
12 

9 

4 

3.8 
. 5 
5 



■Piobo used to delect RFLP* arc from Linkage Gene tics, 1515 Wesi 2200 
Souih, Suile C, Salt UJte CSty, Utah 84319. 



•Allele is probably a 6, but null cannot be nJed out. ' 

25 Tbc present invention also contemplates a hybrid genetic 
complemeni formed by tbe combination of a baploid genetic 
complement of the corn plant 87D1A4 with a baploid genetic 
•' complement of a second corn plant. Means for combining a 
baploid genetic complement from the foregoing inbred with 

30 another baploid genetic complement can be any method 
hereinbefore for producing a hybrid plant from 87DIA4. It 
is also contemplated that a hybrid genetic complement can 
be prepared using in vitro regeneration ol a tissue culture of 
a hybrid plant of this invention. 

35 A hybrid genetic complemeni contained in the seed of a 
hybrid derived from 87DLA4 is a further aspect of this 
invention. Exemplary hybrid genetic complements are the 
genetic complements of the hybrid 4033843. 

Table 10 shows tbe identifying numbers of the alleles for 

40 the hybrid 4033843, which are exemplary RFLP genetic 
marker profiles for hybrids derived from the inbred of the 
present invention. Table 10 concerns 4033843, which has 
87DIA4 as one inbred parent. 



50 



Another aspect of this invention is a plant genetic comple- 
ment characterized by a genetic isozyme typing profile. 
Isozymes are forms of proteins that are distinguishable, for 
example, on starch gel electrophoresis, usually by charge 
and/or molecular weight. Tbc techniques and nomenclature 
for isozyme analysis arc described in, Stuber el al. (1988), 
which is incorporated by reference. 



A standard set of loci can be used as a reference set. 55 
Comparative analysis of these loci is used to compare the 
purity of hybrid seeds, to assess the increased variability in 
hybrids compared to inbreds, and to determine tbe identity 
of seeds, plants, and plant parts. In this respect, an isozyme 60 
reference set can be used to develop genotypic "finger- 
prints." 

Table 9 lists the identifying numbers of tbc alleles at 65 
isozyme loci types, and represents the exemplary genetic 
isozyme typing profile for.87DIA4. 



TABLE 10 



RFLP PROFILE FOR 4033843 



Probe/Enzyme Combination 


Allelic Paii 


M0264H 


DH 


M0306H 


AA 


M0445E 


BC 


M1320S 


EF 


M1234H 


AD 


M3238H 


AE 


M3403E 


AC 


M3406H 


AB 


M1447H 


BB 


M3B725E 


BB 


M2239H 


AD 


M2297H 


AC 


M2298E 


CC 


M2402H 


EE 


M32325 


AC 


M3257S 


AB 


M3296H 


CD 


M3432H 


AA 


M3446S 


CF 


M3457E 


EE 


M4386H 


BD 
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TABLE 10-conlinued 



RFLP PROFILE FOR 403384 3 



Piobe/Enzvme Combination 



Allelic Piii 



M4396E 


HH 




AB 


M4I IMC19H 


AA 




AD 


M5213S 


AB 


M5408H 


AA 




BC 


MOZ-J/ri 


AD 


Mu/OUn 


EG 


M6373E 


AE 


M7263E 


AA 


M7393H 


AC 


M7392S 


AC 


M7455H 


AB 


M8310S 


AC 


M8134E 


BB 


M8268H 


BL 


M8585H 


AB 


M8B2369S 


BB 


M8UMC48E 


CC 


M9209E 


AC 


M9266S 


AA 


M9B713S 


AA 


M2UMC34H 


DF 


M9UMC94H 


EE 


M3UM121X 


CD 


M0UMQ30 


CC 



33 



20 



25 



•Probe* used lo deled RFLPt are from linkage Genetics, 151 5 West 2200 
South, Suite C, Salt Lake CSty, Uttb 84119. 

The exemplary hybrid genclic complements of hybrid 
4033843 may also be assessed by genetic isozyme typing 
profiles using a standard scl of loci as a reference, set, using, 
e.g., the same, or a different, set of loci lo those described 
above. Table 11 lists the identifying numbers of the alleles 
at isozyme loci types and presents the exemplary genetic 
isozyme typing profile for the hybrid 4033843, which is an 
exemplary hybrid derived from the inbred of the present 
invention. Table 11 concerns 4033843, wbicb has 87D1A4 as 
one inbred parent. 

TABLE 11 

ISOZYME GENOTYPE FOR 
HYBRID 4033843 



LOCUS 



ISOZYME ALLELES 



Acphl 


2 


Adbl 


4 


Cat3 


9 


Gotl 


4 


Goc2 


4 


Got3 


4 


Idhl 


4 


Idb2 


6 


Mdhl 


6 


Mdb2 


3.5 


M<ft3 


16 


Mdb4 


12 


MdbS 


12 


Pgnl 


9 


Pgm2 


4 • 


6-PgdJ 


3.8 


6-Pgd2 


5 


Pbil 


4 



All of the compositions and methods disclosed and 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 
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described io terms of the foregoiog illustrative 
embodiments, it will be apparent to those of skill in the art 
— — that variations, changes, modifications and alterations may 
be applied to the composition, methods, and in the steps or 
5 in the sequence of steps of the methods described herein, 
without departing, from the true concept, spirit and scope of 
the invention. More specifically, it will be apparent that 
certain agents that are both chemically and physiologically 
related may be substituted for the agents described herein 
10 while the same or similar results would be achieved. All 
such similar substitutes and modifications apparent to those 
skilled in the art arc deemed to be within the spirit, scope and 
concept of the invention as defined by the appended claims. 
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Derived Maize Callus." Theoretical and Applied 20. Tbc inbred corn plant of claim 18, having a genetic 

Genetics, 77:889-892, 1989. isozyme typing profile in accordance with the profile shown 

What is claimed is: in Table 9. 

1. Inbred com seed of Ibe com plam designated 87D1A4, 2J inbiwj cQm p , M| of c , aim ,g hBvi[)g an RFL p 

^mph^csc^ot^co^h^ngbccndcpos^d $ DC|ic mark fik and a geDeuc isozyme typing profile 

^£5iSSIlA«S. further defined as an » accordance with the profi.es shown in Tables 3 and 9. 

essentially homogeneous population of inbred com seed 22. A process of prcpanng com seed, comprising crossing 

designated 87DIA4. a first parent com plant with a second parent corn plant, 

3. The inbred corn seed of claim 1, further defined as JQ wherein said first or second corn plant is the inbred corn 
essentially free from hybrid seed. plant 87D1A4, a sample of the seed of said com plant having 

4. An inbred corn plant produced by growing tbc seed of bcc(J dcposilcd undcr ATCC Accession No. 2031 92, wherein 
an inbred corn plant designated 87DIA4, a sample of tbc ^ ^ aJlowcd |Q form 

seed of said corn plant having been deposited under ATCC ^ ^ Qf ^ n dcfincd ^ a p|0ceft 

Accession No. 203192. 15 of prcp aring hybrid corn seed, comprising crossing a first 

I ^ovnll ouCX oSim 4. ««- «■ V*» ~* • second, distinct inbred com plan,; 

7 An essentially homogeneous population of com plants wherein said first or second corn plant is the inbred com 

produced by growing the seed of an inbred corn plant plant 87D1A4, a sample of the seed of said com plant having 

designated 87D1A4, a sample of the seed of said corn plant 2Q been deposited under ATCC Accession No. 203192.- 

baving been deposited under ATCC Accession No. 203192. 24. Tbc process of claim 23, wherein crossing comprises 

8. A corn plant having all the physiological and morpbo- ^ c slcps 0 f : 

logical characteristics of com plant 87DI A4, a sample of the pollinating proximity seeds of said first and 

seed of said corn plant having been deposed under ATCC * ^ ^ 

A Tm D com plant of claim 8, further comprising a cyto- 25 (b) cultivating the seeds of said first and second inbred 

plasmic factor conferring male sterility. corn plants into plants that bear flowers; 

10. A tissue culture of rcgenerable cells of inbred corn ( c ) emasculating the male flowers of said first or second 
plaint 87D1A4, wherein the tissue regenerates plants having inbred com plant to produce an emasculated corn plant; 
all the physiological and morphological characteristics of ^ ( ~ allowing cross-pollination to occur between said first 
corn plant 87D1A4, a sample of the seed of said com plant ^ ^ p , ants; ^ 

having been deposited undcr ATCC Accession No. 203192. . ^ m 

11. Tne tissue culture of claim 10, wherein the regenerable (0 harvesting seeds produced on said emasculated com 
cells are embryos, meristematic cells, pollen, leaves, 

anthers, roots, root tips, siDc, flowers, kernels, ears, cobs, 35 25. The process of claim 24, further comprising growing 

husks, stalks, or protoplasts or callus derived therefrom. said harvested seed to produce a hybrid com plant. 

12. A corn plant regenerated from the tissue culture of 26. Hybrid corn seed produced by the process of claim 23. 
claim 10, having all the physiological and morphological 27. A hybrid com plant produced by the process of claim 
characteristics of corn plant 87D1 A4, a sample of the seed of 25. 

said com plant having been deposited under ATCC Acces- ^ 28. Tbc hybrid com plant of claim 27, wherein the plant 

sion No. 203192. is a first generation (F,) hybrid corn plant. 

13. An inbred com plant cell of the corn plant of claim 4 29. The corn plant of claim 8. further comprising a single 
having: gene conversion. 

(a) an RFLP genetic marker profile in accordance with the 30. The com plant of claim 29, wherein the single gene 
profile shown in Table 8; or 45 was stably inserted into a corn genome by transformation. 

(b) a genetic isozyme typing profile in accordance with 31. The single gene conversion of the com plant of claim 
the profile shown io Table 9. 29, where the gene is a dominant allele. 

14. The inbred corn plant cell of claim 13, having an 32. The single gene conversion of ibe com plant of claim 
RFLP genetic marker profile in accordance with the profile 2 o ? where the gene is a recessive allele. 

shown in Table 8. so 33. jbc single gene conversion corn plant of claim 29, 

15. Tbc inbred corn plant cell of claim 13, having a whcrc ^ gcnc confcrs herbicide resistance. 

genetic isozyme typing profile in accordance with the profile ^ ^ gcjjc wavtxsk>n of com p j ant G f claim 

shown in Table 9. 29, where me gene confers insect resistance. 

16. The inbred com plant cell of claim 13, having an 35^ ^ singlc gcnc conversion of the com plant of claim 

* TAc D inbred corn plant of claim 4 having: * 37. The single gene conversion of the com plant of claim 

(a) an RFLPgenetic marker profile in accordance with the 29, where the gene confers waxy starch. 

profile shown in Table 8; or 38. Toe single gene conversion of the com plant of claim 

(b) a genetic isozyme typing profile in accordance with 29, where the gene confers improved nut ntronal quality, 
the profile sbowTin Table 9 39. The single gene conversion of me corn plant of claim 

19. The inbred com plant of claim 18, having an RFLP 65 29, where the gene confers enhanced yield stability, 
genetic marker profile in accordance with the profile shown 
in Table 8. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,936,145 Page 1 of 6 

DATED : August 10, 1999 

INVENTOR(S) : Peter J. Bradbury 

\\ ^ certified that error appears in the above-identified patent and that said Letters Patent is hereby . 

Ear-Fresh Husk Color. The color of the husks 1 to 2 weeics aner 
green, red, or purple-. 

plant Stalk:- and substitute tberetor 
cars per plant-. 

, ^ ci^v The average number of. interoodes on 

number of intemodes on the ear shank- 

, r ci « ^case delete " Kernel- Aleurone The color of the aleurone 

variegated-, 
yellow—. 

h col . 6 . - ^ p'^^tsrxiSs^ 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. 5^36.145 Pag* 2 ° f 6 

DATED August 10, 1999 

NVEMTORCS) : Peter J.Bracfcuy 

rBcafffid^emxsappear-nlhe 
shown bebK 

In col 6 at lines 65-66, please delete "Kernel-Number Per The average number of 
kernels in a single row. Row:" and substitute therefor -Kernel-Number Per Row: The 
average number of kernels in a single row-. 

In col 7 at lines 1-3, please delete "Kernel-Pericarp The color of the pericarp scored as 
colorless*, red-white crown, tan, Colon bronze, brown, light red, cherry red, or 
variegated" and substitute therefor - Kernel-Pericarp Colon The color of the pencarp 
scored as colorless, red-white crown, tan, bronze, brown, light red, cherry red, or 
variegated—. 

In col 7 at lines 4-6, please delete "Kernel-Row The direction of the kernel rows on the 
ear scored as straight, Direction: slightly curved, spiral, or indistinct (scattered)" and 
substitute therefor -Kernel-Row Direction: The direction of the kernel rows on the ear 
scored as straight, slightly curved, spiral, or indistinct (scattered)-. 

In col 7 at lines 30-33, please delete "Leaf-Longitudinal A rating of the number of 
longimdlnal creases on the leaf surface 1 Creases: to 2 weeks after pollination Creases 
are Scored as absent, few, or many" and substitute therefor -Leaf-Longitudmal Creases: 
A rating of the number of longimdinal creases on the leaf surface 1 to 2 weeks after 
pollination. Creases are scored as absent, few, or many-. 

In col 7 at lines 34-36, please delete "Leaf-Marginal A rating of the waviness of the 
leaf margin 1 to 2 weeks after Waves: pollination. Rated as none, few, or many" and 
substitute therefor -Leaf-Marginal Waves: A rating of the waviness of the leaf margin 
1 to 2 weeks after pollination. Rated as none, few, or many-. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 



5,936,145 
August 10. 1999 
Peter Jl Bradbury 



Page 3 of 6 



DATED 



NVENTOR(S) 



It s certfed that eras appear n the abwendenfiied patert and malsaaLeflEisPa^ is hereby conected as 
shovwitdowr. 

In col. 7, at lines 4<M3, please delete "Leaf-Sheath A rating of the level of anthocyanin 
in the leaf sheath 1 to 2 weeks Anthocyanin: after pollination, scored as absent, basal- 
weak, basal-strong, weak or strong" and substitute therefor -Leaf-Sheath Anthocyanin: 
A rating of the level of anthocyanin in the leaf sheath 1 to 2 weeks after pollination, 
scored as absent, basal-weak, basal-strong, weak or strong-. 

In col. 7, at lines 44-46, please delete "Leaf-Sheath A rating of the pubescence of the 
leaf sheath. Ratings are taken 1 Pubescence: to 2 weeks after pollination, and scored as 
light, medium, or heavy" and substitute therefor -Leaf-Sbeath Pubescence: A rating of 
the pubescence of the leaf sheath. Ratings are taken 1 to 2 weeks after pollination and 
scored as light, medium, or heavy—. 

In col. 8, at lines 19-21 , please delete "Stalk-Brace Root The color of the brace roots 
observed 1 to 2 weeks after pollination Colon as green, red, or purple" and substitute 
therefor -Stalk-Brace Root Color. The color of the brace roots observed 1 to 2 weeks 
after pollination as green, red, or purple-. 

In col. 8, at lines 27-29, please delete "Stalk-Internode The direction of the stalk 
interoode observed after pollination as Direction: straight or zigzag" and substitute 
therefor -Stalk-lntemode Direction: The direction of the stalk internode observed after 
pollination as straight or zigzag—. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 

DATED 

NVENTOFKS) 



5336.145 
AugusMO.1999 
Peter J. Bradbury 



Page 



4 of 6 



abcMHdentifed palert arri tra 



ttBcertfedlhalefrore appear in tie 
shwvnbetow. 

In col. 8, at lines 30-3 1 , please delete "Stalk-lnternode The average length of the 
intemodc above the primary ear. Length:" and substitute therefor -Stalk Internode 
Length: The average length of the internode above the primary ear-. 

In col 8, at fines 35-36. please delete "Stalk-lnternode With The average n^ber bf 
nodes having brace roots per plant Brace Roots:" and substitute therefor -Stalk- 
Internode With Brace Roots: The average number of nodes having brace roots per 
plant—. 

In col 8 at lines 65-66, please delete Tassel-Branch The average number of primary 
tassel branches. Number." and substitute therefor -Tassel-Branch Number. The 
average number of primary tassel branches-. 

In col 9 at lines 7-9, please delete Tassel-Peduncle The average length of die tassel 
peduncle, measured from the base of the flag leaf to the base Length: of the bottom 
Sssel branch" and substitute therefor -Tassel-Peduncle Length: The average length of 
the tassel peduncle, measured from the base of the flag leaf to the base of the bottom 
tassel branch—. 

In coL 13, a line 26, delete "3AZA1" and substitute therefor -AQA3-. 

In col. 14, at line 52, delete "87DIA1 14" and substitute therefor -87DIA4-. 

In col. 30, at line 4, ., delete "DEKALB Plant Genetics" and substitute therefor - 
DEKALB Genetics Corporation-. 
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shownbefcw: 

At col. 17, in Table 5 delete all rows under "4. EAR" and ending with "Endosperm 
Color r and substitute therefor the following rows - 



4. EAR 

Silk Color 
Number Per Stalk 
Position (attitude) 
Length cm- 
Shape 

Diameter cm. 
Weight gm. 
Stank Length cm. 
Husk Bract 
Husk Cover cm. 
Husk Color Fresh 
Husk Color Dry 
Cob Diameter cm- 
Cob Color 
Shelling Percent 



Pink 
1.0 

Upright 
14.6 

Semi-conical 

4.0 

104.9 

103 

Short 

6.4 

Green 

Buff 

23 

Red 

87.7 



Pink 
1.0 

16.0 

Serai-conical 

3.8 

100.6 

14.1 

Short 

23 

Green 

Buff 

2.4 

80.6 



1.0 
14.6 

Semi -conical 

4.0 

103.2 

10.1 

Short 

4.4 

Green 

Buff 

23 

Red 

89.0 



Red 
1.4 

Upright 
15.6 

Semi-conical 

3.9 

107.6 

9.6 

Short 

3.7 

Green 

Buff 

2.1 

Red 

833 
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ft b cerffied thai errors appear in the 
shown below: 

5. KERNEL 
Row Number 
Number Per Row 
Row Direction 
Type 

Cap Color 
Side Color 
Length (depth) mm 
Width mm. 
Thickness 

Weight of lOOOKgm. 
Endosperm Type 
Endosperm Color 



aba^Hder^pa^arxJth^ 



14.6 

32.1 

Curved 

Dent 

Yellow 

Deep Yellow 

11.1 

7.8 

3.9 

269.0 

Normal 

Yellow 



14.8 
27.1 
Curved 

Yellow 

9.4 

8.0 

5.2 

252.4 

Normal 

Yellow 



16.3 

29.3 

Curved 

Dent 

Yellow 

Orange 

10.9 

7.4 

4.4 

233.0 

Normal 

Yellow 



153 
29.7 
Curved 

Yellow 

10.3 

7.8 . 

.4.2 

247.8 

Normal 

Yellow- 



'Attest: 



Attesting Officer 



Signed and Sealed this 
Twenty-seventh Day of February, 2001 

NICHOLAS P.CODICI 
A vita f Director of the United States Potent and Trademark Offn r 



EXHIBIT C 



The opinion in support of the decision being entered today was not written 
for publication and is not binding precedent of the Board. 
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BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 



Ex parte JAMES R. LARKINS, DAVID D. SONGSTAD, 
WILLIAM L PETERSEN, HONGYI ZHANG, MICHAEL T. MANN, MICHAEL 
SPENCER, and NANCY G. WILLETTS 



^MAILED 

APR 0 7 2005 


Appeal No. 2004-1 503 1 
Application No. 09/606,808 


1^3^2005 


US. PATEN1 AND fRAOEMARK OFFICE 
BOARD Of PATENT APPEALS 
AND INTERFERENCES 


ON BRIEF 


UJkmW AMD TRADEIv^qmCt 
BOARD Of PATENT ArPEAL^V 
K AND INTERFERENCES ^ ! 



Before SCHEINER, ADAMS and GREEN, Administrative Patent pudges. mQ^> j^,VA,,J 



ADAMS, Administrative Patent Judge . 



Client: 



DECISION ON APPEAL 
This is a decision on the appeal under 35 U.S.C. § 134 frd 
examiner's final rejection of claims 2, 3, 7-17 and 22-39. The examiner has 
indicated that claims 1,4-6 and 18-21 are allowable. Answer, page 2. 



on JM. % 
1 APR 1 1 M05 



1 This appeal is substantially similar to Appeal No. 2004-1506, Application No. 09/788.334; 
Appeal No 2004-1968, Application No. 1 0/00,031 1 ; Appeal No. 2004-2317, Application No. 
09/771 938' Appeal No. 2004-2343, Application No. 09/772.520; and Appeal No. 2005-0396, 
Application No 10/077,589, which all share the same assignee, Monsanto Company, the parent 
of wholly-owned subsidiary DeKalb Genetics Corporation. Accordingly we have cons.dered these 
appeals together. 



Appeal No. 2004-1503 rd 9 e * 

Application No. 09/606,808 

Claims 2, 8-10, 14, 25, 26, 29 and 30 are illustrative of the subject matter 
on appeal and are reproduced below. In addition, for convenience, we have 
reproduced allowable claims 1 and 4 below: 

1 Inbred corn seed of the corn plant LIZL5, a sample of said seed having 
been deposited under ATCC Accession No. PTA-2192. 

2. The inbred corn seed of claim 1, further defined as an essentially 
homogeneous population of inbred corn seed. 

4 An inbred corn plant produced by growing the seed of the inbred com 
plant LIZL5, a sample of said seed having been deposited under ATCC 
Accession No. PTA-2 129. 

8 A corn plant capable of expressing all the physiological and 

morphological characteristics of the inbred corn plant LIZL5, a sample of 
the seed of said inbred corn plant LIZL5 having been deposited under 
ATCC Accession No. PTA-2192. 

9. The corn plant of claim 8, further comprising a cytoplasmic or nuclear 
gene conferring male sterility. 

10 A tissue culture of regenerable cells of inbred corn plant LIZL5. wherein 
the tissue regenerates plants capable of expressing all the physiological 
and morphological characteristics of the inbred corn plant LIZL5, a 
sample of the seed of said corn plant LIZL5 having been deposited under 
ATCC Accession No. PTA-2192. 

14 An inbred com plant cell of the corn plant of claim 8, said cell comprising: 

(a) an RFLP genetic marker profile 121 in accordance with the profile 
shown in Table 6; or 

(b) a genetic isozyme typing profile in accordance with the profile 
shown in Table 7. 

25. The corn plant of claim 4, further comprising a single locus conversion. 



2 We note that claims 14 and 17 appear to include a typographical error in reference to RFLP 
aenetic marker profiles. As the examiner points out (Answer, page 12). Table 6 in the 
specification actually shows SSR profiles, not RFLP genetic marker profiles as indicated in cla.ms 
14 and 17." Therefore, prior to any further action on the merits, we encourage the examiner and 
appellants to clarify this issue on the record. 
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26. The corn plant of claim 25, wherein the single locus was stably inserted 
into a corn genome by transformation. 

29 A method of preparing a transgenic maize cell comprising: 

a) Providing cells of inbred corn plant LIZL5, a sample of the seed of 
the inbred LIZL5 having been deposited under ATCC Accession 
No. PTA-2192; 

b) Contacting said cells with a pre-selected DNA; and 

c) Identifying at least a first transgenic cell of inbred corn plant LIZL5 
which has been transformed with said pre-selected DNA. 

30 The method of claim 29, further comprising the step of: 

d) Regenerating a fertile transgenic plant from said transgenic cell. 

The references relied upon by the examiner are: 

Hunsperger et al. (Hunsperger) 5,523,520 Jun.4,1996 

Eshed et al (Eshed), "Less-Than-Additive Epistatic Interactions of Quantitative 
Trait Loci in Tomato," Genetics , Vol. 143. pp. 1807-17 (1996) 

Kraft et al (Kraft) "Linkage Disequilibrium and Fingerprinting in Sugar Beet," 
Theoretical and Applied Genetics , Vol. 101, pp. 323-36 (2000) 

GROUNDS OF REJECTION 
Claim 2 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrase "an essentially homogeneous population 

of inbred corn seed." 

Claim 3 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrase "essentially free from hybrid seed." 

Claim 7 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrase "[a]n essentially homogeneous 
population of corn plants produced by growing the seed of the inbred com plant 
LIZL5." 
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Claims 8, 10-13 3 and 37 stand rejected under 35 U.S.C. § 112, second 
paragraph as indefinite in the recitation of the phrase "capable of expressing," as 
it is used in claims 8 and 10-13; and the term "preparable," as it is used in claim 
37. 

Claims 9 and 25 stand rejected under 35 U.S.C. § 1 12, second paragraph 
as failing to limit the scope of the independent claim from which they depend. 

Claims 14 and 17 stand rejected under 35 U.S.C. § 112, second 
paragraph as indefinite in the recitation of the phrase "in accordance with." 

Claim 25 stands rejected under 35 U.S.C. § 1 12. second paragraph as 
indefinite in the recitation of "comprising a single locus conversion." 

Claim 26 stands rejected under 35 U.S.C. § 112. second paragraph as 
indefinite in the recitation of the article 'a' in the recitation 'wherein the single 
locus was stably inserted into a corn genome.'" 

Claim 28 stands rejected under 35 U.S.C. § 1 12. second paragraph as 
indefinite in the recitation of the phrases "yield enhancement," "improved 
nutritional quality," and "enhanced yield stability." 

Claims 14-17 and 22-39 stand rejected under the written description 
provision of 35 U.S.C. § 1 12, first paragraph. 

Claims 25-39 stand rejected under the enablement provision of 35 U.S.C. 
§ 112, first paragraph. 



» we note the examiner's assertions (Answer, page 11), "clam 11 remains rejected because .t 
deoends from claim 10," and "claim 12 remains rejected because it depends from claim 1 1 . 
Accordingly we have included claims 1 1 and 12 in the statement of this rejection. 
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We reverse. 

BACKGROUND 

The present "invention relates to inbred corn seed and plants designated 
LIZL5, and derivatives, tissue cultures thereof, methods of transformation of 
plants or parts thereof of the plant designated LIZL5 and transformants derived 
thereof." Specification, page 1. According to appellants (specification, page 25), 
"[a] description of the physiological and morphological characteristics of corn 
plant LIZL5 is presented in Table 3" of the specification, pages 25-27. On this 
record the examiner has indicated that claims drawn to plants, plant parts, and 
seed of the corn variety designated LIZL5 are allowable. See e^, claims 1 , and 
4-6, and Answer, page 2, wherein the examiner states "[c]laims 1 , [and] 4-6 .. . 
are allowed." 

A second aspect of the present invention comprises hybrid plants and 
processes "for producing [first generation (FJ hybrid 4 ] corn seeds or plants, 
which ... generally comprise crossing a first parent corn plant with a second 



* We recognize the examiner's statement (Answer, page 3), "[c]laim 24 was objected to in the 
Office [AJction mailed 16 July 2003, as being in improper dependent form for failing to further limit 
the subject matter of previous claim. Appellants did not address this objection." An objection to a 
claim, however, is the subject matter of a petition, and is not property before us on appeal. 
Nevertheless, we make the following observation regarding claim 24, and encourage the 
examiner and appellants to work together to remedy this issue, prior to any further action on the 

^According to appellants' specification (page 19). a F, hybrid is "[t]he first generation progeny of 
the cross of two plants." Therefore, as we understand the prosecution history as well as the 
language of the claims, claims 22 and 23 to refer to F, hybrids. In this regard, we note that similar 
claims, directed to a different corn variety, were presented for our review in Appeal Nos. 2004- 
1506 and 2004-2317. During the oral hearing in Appeal Nos. 2004-1506 and 2004-2317. 
appellants' representative confirmed that all claims drawn to hybrid plants or hybrid seeds (see 
e g claims 24 and 25 of Appeal Nos. 2004-1506 and 2004-2317) refer to F, hybrids. 
Accordingly, it appears that claim 24 fails to further limit claim 23 from which it depends. 



Appeal No; 2004-1 503 Pa9e 6 

Application No. 09/606,808 

parent corn plant, wherein at least one of the first or second parent corn plants is 
the inbred corn plant designated LIZL5." Specification, pages 7-8. On this 
record the examiner has indicated that claims drawn to a process of producing 
corn seed wherein the process comprises crossing a first parent corn plant with a 
second parent corn plant are allowable. See e^, claims 18-21 and Answer, 
page 2, wherein the examiner states claims "18-21 are allowed." 

A third aspect of the present invention comprises single locus converted 
plants of the corn variety LIZL5. Specification, page 6. As appellants explain 
(specification, page 21, emphasis added), single locus converted (conversion) 

plants are those plants 

which are developed by a plant breeding technique called 
backcrossing wherein essentially aH of the desired morphological 
and physiological characteristics of an inbred are recovered in 
addition to the characteristics conferred by the single locus 
transferred into the inbred yja the backcrossing technique. A single 
locus may comprise one gene, or in the case of transgenic plants, 
one or more transgenes integrated into the host genome at a single 
site (locus). 

As appellants explain (specification, page 29): 

Many single locus traits have been identified that are not regularly 
selected for in the development of a new inbred but that can be 
improved by backcrossing techniques. Single locus traits may or , 
may not be transgenic; examples of these traits include, but are not 
limited to, male sterility, waxy starch, herbicide resistance, 
resistance for bacterial, fungal, or viral disease, insect resistance, 
male fertility, enhanced nutritional quality, industrial usage, yield 
stability, and yield enhancement. These genes are generally 
inherited through the nucleus, but may be inherited through the 
cytoplasm. Some known exceptions to this are genes for male 
sterility, some of which are inherited cytoplasmically, but still act as 
single locus traits. 
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A final aspect of the present invention is directed to a method of preparing 
a transgenic maize cell comprising the use of cells of inbred corn plant LIZL5. 
See ag,, claim 29. According to appellants' specification (page 10), the 
"invention provides a method of preparing a transgenic maize cell comprising: a) 
providing cells of inbred corn plant LIZL5, b) contacting the cells with a pre- 
selected DNA; and c) identifying at least a first transgenic cell of inbred corn 
plant LIZL5 which has been transformed with the pre-selected DNA." 

Against this backdrop, we now consider the rejections of record. 

DISCUSSION 

Definiteness : 

Claims 2, 3, 7-17, 25-28, and 37-39 stand rejected under 35 U.S.C. § 112, 
second paragraph. For the following reasons we reverse. 

Claim 2 

Claim 2 depends from independent claim 1 , and stands rejected under 35 
U.S.C. § 112, second paragraph as indefinite in the recitation of the phrase "an 
essentially homogeneous population of inbred corn seed...." Answer, page 4. 
According to the examiner (id,), "[g]iving claim 2 its plain meaning, the inbred 
corn seed of claim 1 must, by definition, be a homogeneous population." Thus, 
the examiner finds (id,), the "'essentially homogeneous' language [in claim 2] ... 
appeals] to be superfluous." 

However, as disclosed in appellants* specification (page 5), 

[essentially homogeneous populations of inbred seed are those 
that consist essentially of the particular inbred seed, and are 

generally free from substantial numbers of other seed, so that the 
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inbred seed forms between about 90% and about 100% of the total 
seed, and preferably, between about 95% and about 100% of the 
total seed. 

Accordingly, we disagree with the examiner's assertion (Answer, page 6) 
that claim 2 is unclear simply because it may contain seed other than the seed of 
the corn variety LIZL5. We remind the examiner that claim language must be 
analyzed "not in a vacuum, but always in light of the teachings of the prior art 
and of the particular application disclosure as it would be interpreted by one 
possessing the ordinary skill in the pertinent art." In re Moore, 439 F.2d 1232, 
1235, 169 USPQ 236, 238 (CCPA 1971). Accordingly, it is our opinion that a 
person of ordinary skill in the art would recognize that an essentially 
homogeneous population of seed of the corn variety LIZL5 is a population of 
seed that is generally free from substantial numbers of other seed, e.g., wherein 
corn variety LIZL5 seed forms between about 90% and about 1 00% of the total 
seed in the population. 5 

Accordingly, we reverse the rejection of claim 2 under 35 U.S.C. § 1 12, 

second paragraph. 

Claim 3 

According to the examiner (Answer, page 5), claim 3 stands rejected 
under 35 U.S.C. § 112, second paragraph as indefinite in the recitation of the 
phrase "essentially free from hybrid seed," "for reasons similar to the rejection of 



5 Cf the examiner's statement (Answer, page 6). "if claim 2 were amended to read '[a]n 
essentially homogeneous population of corn seeds consisting essentially of seed the inbred corn 
seed of claim 1\ the claim would have a definite meaning. 
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claim 2. Thus, the examiner recommends (jdj, claim 3 be amended to read, "[a] 
population of corn seeds consisting essentially of the inbred corn seed of claim 
1 , and essentially free from hybrid seeds." Therefore, for the reasons, set forth 
in our discussion of the rejection of claim 2 under 35 U.S.C. § 1 12, second 
paragraph above, we agree with appellants (Brief, page 5), claim 3 "further 
defines ... claim [1] from which it depends by requiring that the seed be free of 
hybrid seed." 

Accordingly, we reverse the rejection of claim 3 under 35 U.S.C. § 112, 
second paragraph. 

Claim 7 

Claim 7 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrase "[a]n essentially homogeneous 
population of corn plants produced by growing the seed of the inbred corn plant 
LIZL5...." Answer, page 6. According to the examiner (id.), "LIZL5 seed can 
only produce LIZL5 plants. ... [Therefore,] [t]he population can ... only consist of 
LIZL5 plants." Accordingly, the examiner finds it unclear "why the population is 
referred to as 'essentially homogeneous/ since such populations can comprise 
more than one variety of plant." Id. 

As appellants disclose (specification, page 6), "[t]he population of inbred 
corn seed of the invention can further be particularly defined as being essentially 
free from hybrid seed. The inbred seed population may be separately grown to 
provide an essentially homogeneous population of inbred corn plants designated 
LIZL5." As we understand the claim, growing the seed of claim 3, for example, 
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would produce an essentially homogeneous population of corn plants of the corn 
variety LIZL5. 6 

In addition, we direct the examiner's attention to Appeal No. 2005-0396, 
wherein a claim similar to claim 7 was presented for our review. In Appeal No. 
2005-0396, the examiner of record indicated that claim 14, directed to "[a]n 
essentially homogeneous population of corn plants produced by growing the 
seed of the corn variety 1180580.. ." was allowable. Accordingly, we find that the 
examiner has treated claim 7 in a manner that is inconsistent with the 
prosecution of claim 14 in 2005-0396. As we understand it, the only difference 
between claim 14 as it appears in Appeal No. 2005-0396 and claim 7 before us 
in the instant appeal is the variety of corn seed from which the plant is produced. 

Accordingly we reverse the rejection of claim 7 under 35 U.S.C. § 1 12, 
second paragraph. 

Claims 8. 10-13 and 37 
Claims 8, 10-13 and 37 stand rejected under 35 U.S.C. § 112, second 
paragraph as indefinite in the recitation of the phrase "capable of expressing," as 
it is used in claims 8 and 10-13; and the term "preparable" as it is used in claim 
37. According to the examiner (Answer, page 8), the recitation of the phrase 
"capable of in claims 8 and 10-13 "does not make clear if the plant actually 



6 Cf The examiner's statement (Answer, page 7), "[a]mending claim 7 to read, '{a]n essentially 
homogeneous population of corn plants produced by growing a population of corn seed consisting 
essentially of the seed of corn plant LIZL5...' would obviate this rejection." 
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expresses the traits, or when or under what conditions the traits are expressed." 
In this regard, the examiner finds (Answer, page 9), 

while the plant has the capacity to express the characteristics, for 
some reason it may not. Certain characteristics of a plant are 
expressed only at certain times of its life cycle, and are incapable 
of being expressed at other times. The colors of flower parts such 
as silks, or fruit parts such as husks, are examples. The promoters 
of many genes conferring traits require a transcription factor to 
become active. Is a plant that has such a gene, but not the 
transcription factor, considered "capable of expressing" that gene, 
and the trait associated with that gene, and is such a plant 
encompassed by the claims? 

To address the examiner's concerns, we find it sufficient to state that if a plant 

has the capacity to express the claimed characteristics it meets the requirement 

of the claim regarding "capable of," notwithstanding that due to a particular 

phase of the life cycle the plant is not currently expressing a particular 

characteristic. Alternatively, if a plant is incapable of expressing the claimed 

characteristics at any phase of the life cycle, because it lacks, for example, the 

"transcription factor" required for expression - such a plant would not meet the 

requirement of the claim regarding "capable of." 

Here, we find the examiner's extremely technical criticism to be a 

departure from the legally correct standard of considering the claimed invention 

from the perspective of one possessing ordinary skill in the art. 7 In our opinion, a 

person of ordinary skill in the art would understand what is claimed. Amqen Inc. 

v Chugaj Pharm aceutical Co.. Ltd. , 927 F.2d 1200, 1217, 18 USPQ2d 1016, 

1030 (Fed. Cir. 1991). 



7 r.f ninital Equipment Cnm v. Diamond. 653 F^d 701. 724. 210 USPQ 521, 546 (CA 1981). 
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Similarly, the examiner finds (Answer, page 16), the recitation of the term 
"preparable" in claim 37 "leaves open the possibility that the claimed fertile 
transgenic corn plant can be prepared by any other means." In our opinion, like 
"capable of above, the claim requires that the plant be able to be produced by 
the process of claim 30. That a person of ordinary skill in the art may conceive 
of other ways to prepare the plant is of no concern. Alternatively, if a plant 
cannot be prepared according to the process of claim 30 it would be outside the 

scope of claim 37. 

Accordingly we reverse the rejection of claims 8, 10-13 and 37 under 35 

U.S.C. § 112, second paragraph. 

Claims 9 and 25 

Claim 9 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrase "a cytoplasmic or nuclear gene conferring 
male sterility. As we understand the examiner's argument (Answer, bridging 
paragraph, pages 9-10), since the plant set forth in claim 9 is male sterile it 
"cannot incorporate all the limitations of claim 8..." from which claim 9 depends. 
Similarly, the examiner finds it unclear whether the plant set forth in claim 25 has 
all the traits expressed by the plant of ... [claim] 5," from which claim 25 
depends. Answer, page 13. In response, appellants assert (Brief, pages 7 and 
9), claims 9 and 25 simply add a further limitation to the claims from which they 

depend. We agree. 

For example, claim 9 reads on a corn plant capable of expressing all the 
physiological and morphological characteristics of the corn variety LIZL5, further 
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comprising a nuclear or cytoplasmic gene conferring male sterility. In our 
opinion, the claim reasonably apprises those of skill in the art of its scope. 
Amgen, In our opinion, the same is true of claim 25. As set forth in Shatterproof 
Glass Corp . y I ihhev-Owens Ford Co. , 758 F.2d 613, 624, 225 USPQ 634, 641 
(Fed. Cir. 1985), "[i]f the claims, read in the light of the specifications, reasonably 
apprise those skilled in the art both of the utilization and scope of the invention, 
and if the language is as precise as the subject matter permits, the courts can 

demand no more." 

Accordingly we reverse the rejection of claims 9 and 25 under 35 U.S.C. 

§ 112, second paragraph. 

Claims 14 and 17 
Claims 14 and 17 stand rejected under 35 U.S.C. § 112, second 
paragraph as indefinite in the recitation of the phrase "in accordance with." 
According to the examiner (Answer, page 12), it is unclear if a plant "that 
generally follows the trend of the profile of Table 6, but which differs at one or a 
few loci, [would] be considered in 'conformity' or 'in accordance' with the profile 
of Table 6." 

On this record, we understand the phrase "in accordance with" as it is 
used in claims 14 and 17 to mean "the same" 8 . Furthermore, as discussed 
SU p ra t n . 2, claims 14 and 17 appear to include a typographical error in reference 



8 Cf Appeal Nos. 2004-1506 and 2004-2317. which use similar language for claims directed to 
different corn varieties. In this regard, we note that during the February 10, 2005 oral hearing in 
Appeal Nos. 2004-1506 and 2004-2317, appellants' representative confirmed that the phrase "in 
accordance with" was intended to mean "the same". 
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to RFLP genetic marker profiles of Table 6, whereas, Table 6 of appellants' 
specification illustrates SSR profiles, not RFLP genetic marker profiles. Stated 
differently, we understand the claims to read: 

15. An inbred corn plant cell of the corn plant of claim 8, said cell comprising: 

(c) the same SSR profile as shown in Table 6; or 

(d) the same genetic isozyme typing profile as shown in Table 7. 

17. The inbred corn plant of claim 8, comprising: 

(a) the same SSR profile as shown in Table 6; or 

(b) the same genetic isozyme typing profile as shown in Table 7. 

Accordingly we reverse the rejection of claims 14 and 17 under 35 U.S.C. 
§ 1 12, second paragraph. 

Claim 26 

Claim 26 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the article 'a' in the recitation 'wherein the single 
locus was stably inserted into a corn genome.'" According to the examiner 
(Answer, page 14), "[t]he recitation does not make clear if the genome is that of 
LIZL5 or that of a different corn plant." 

According to appellants' specification (page 21, emphasis removed), a 
"Single Locus Converted (Conversion) Plant" refers to 

[pllants which are developed by a plant breeding technique called 
backcrossing wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in 
addition to the characteristics conferred by the single locus 
transferred into the inbred yja the backcrossing technique. A single 
locus may comprise one gene, or in the case of transgenic plants, 
one or more transgenes integrated into the host genome at a single 
site (locus). 
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Accordingly, we agree with appellants (Brief, bridging paragraph, pages 
10-11), the single locus referred to in claim 26 may or may not have been directly 
inserted into the genome of the claimed plant. As we understand the claim, and 
arguments of record, claim 26 presents two possibilities: (1) the single locus is 
directly inserted into the claimed plant and nothing further need be done; or (2) 
the single locus is directly inserted into a different plant, which is then used to 
transfer the single locus to the claimed plant through use of the plant breeding 
technique known as backcrossing. 

In our opinion, the claim reasonably apprises those of skill in the art of its 
scope. Amgen. Accordingly, we reverse the rejection of claim 26 under 35 
U.S.C. § 1 12, second paragraph. 

Claim 28 

Claim 28 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrases "yield enhancement," "improved 
nutritional quality," and "enhanced yield stability." According to the examiner the 
terms "yield enhancement," "improved nutritional quality," and "enhanced yield 
stability" are relative and have no definite meaning. Answer, page 14. 

On this record, appellants assert (Brief, page 13), it is "understood the 
enhancement of yield or yield stability and improved nutritional quality is relative 
to a plant lacking the single locus. The metes and bounds of the claim are thus 
fully understood by one of skill in the art and the use of the terms is not 
indefinite." On reflection, we agree with appellants. The fact that some claim 
language is not mathematically precise does not per se render the claim 
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indefinite. Seattle Box. Co. v. Industrial Crating & Packing, Inc. , 731 F.2d 818, 
826, 221 USPQ 568, 573-574 (Fed. Cir. 1984). As set forth in Shatterproof 
Glass , "(i]f the claims, read in the light of the specifications, reasonably apprise 
those skilled in the art both of the utilization and scope of the invention, and if the 
language is as precise as the subject matter permits, the courts can demand no 
more." In our opinion, a person of ordinary skill in the art would have understood 
the enhancement of yield or yield stability and improved nutritional quality is 
relative to a plant lacking the single locus. 

Accordingly we reverse the rejection of claim 28 under 35 U.S.C. § 1 12, 
second paragraph. 

Written Description : 

Claims 14-17 and 22-39 stand rejected under 35 U.S.C. § 1 12, first 
paragraph, as the specification fails to adequately describe the claimed 
invention. For the following reasons, we reverse. 

Claims 22-24 

Claims 22-24 both ultimately depend from claim 18. On this record, the 
examiner has indicated that claims 18-21 are allowable. Answer, page 2. The 
examiner finds (Answer, page 18), claims 22-24 are drawn to a hybrid plant or 
seed "produced by crossing inbred corn plant LIZL5 with any second, distinct 
inbred corn plant." 
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As we understand it, based on this construction of claims 22-24, the 
examiner is of the opinion that since the hybrids inherit only 1 / 2 of their diploid 9 set 
of chromosomes from the plant of com variety LIZL5, a person of skill in the art 
would not have viewed the teachings of the specification as sufficient to 
demonstrate that appellants were in possession of the genus of hybrid seeds 
and plants encompassed by claims 22-24. See Answer, pages 23-24. 
According to the examiner (Answer, page 24), "[t]he fact that any hybrid plant will 
inherit half of its alleles from LIZL5 then does not provide sufficient description of 
the morphological and physiological characteristics expressed by the claimed 
hybrid plants." 

There is no doubt that the expressed gene products of a hybrid plant, e.g., 
the morphological and physiological traits, of LIZL5 and a non-LIZL5 corn plant 
will depend on the combination of the genetic material inherited from both 
parents. See Answer, page 24. Nevertheless, we disagree with the examiner's 
conclusion (idj that "[t]he fact that any hybrid plant will inherit half of its alleles 
from LIZL5 then does not provide sufficient description of the morphological and 
physiological characteristics expressed by the claimed hybrid plants." 

On these facts, we find it necessary to take a step back and consider what 
is claimed. The claims are drawn to a F, hybrid seed (claim 22) or plant (claim 
23) resulting from a cross between a plant of corn variety LIZL5 and a non-LIZL5 
corn variety. The claims do not require the hybrid to express any particular 



9 According to appellants' specification (page 19), diploid means M a cell or organism having two 
sets of chromosomes." 
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morphological or physiological characteristic. Nor do the claims require that a 
particular non-LIZL5 corn variety be used.' 0 All that is required by the claims is 
that the hybrid has one parent that is a plant of corn variety LIZL5. Since the 
examiner has indicated that the seed and the plant of the corn variety LIZL5 are 
allowable (see claims 1 and 4), there can be no doubt that the specification 
provides an adequate written description of this corn variety. In addition, the 
examiner appears to recognize (see e.g., Answer, page 17) that appellants" 
specification describes an exemplary hybrid wherein one parent was a plant of 
the corn variety LIZL5. Accordingly, it is unclear to this merits panel what 
additional description is necessary. 

As set forth in Fteiffin v. Microsoft Corp. , 214 F.3d 1342, 1345, 54 
USPQ2d 1915, 1917 (Fed. Cir. 2000), the purpose of the written description 
requirement is to "ensure that the scope of the right to exclude, as set forth in the 
claims does not overreach the scope of the inventor's contribution to the field of 
art as described in the patent specification." Here the hybrid seed or plant has 
one parent that is a plant of the corn variety LIZL5. To that end, to satisfy the 
written description requirement, the inventor "must convey with reasonable clarity 
to those skilled in the art that, as of the filing date sought, he or she was in 
possession of the invention" [emphasis added]. Vas-Cath Inc. v. Mahurkar, 935 
F.2d 1555, 1563-64, 19 USPQ2d 1111, 1117 (Fed. Cir. 1991). For the foregoing 



» According to appellants (Brief, page 14). "hundreds or even thousands of different inbred corn 
lines were well known to those of skill in the art prior to the filing [date] of the instant application, 
each of which could be crossed to make a hybrid plant with in the scope of the claims." 
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reasons it is our opinion that appellants have provided an adequate written 
description of the subject matter set forth in claims 24-26. 11 

We recognize the examiner's argument relating to SSR and isozyme 
markers (Answer, pages 26-27), as well as the examiner's arguments 
concerning a correlation between the hybrid's genome structure and the function 
of the hybrid plant (Answer, page 25). However, for the foregoing reasons, we 
are not persuaded by these arguments. 12 

Claims 14-17 

According to the examiner (Answer, page 1 9), while the specification 
provides the locus names and allele numbers of the SSR markers, the 
specification does not provide the actual nucleotide sequences that make up the 
markers. According to the examiner (ig\), "names of loci alone do not describe 
the structures of the markers themselves. Without a description of the 
sequences of the markers, one cannot confirm their presence." However, as the 
examiner recognizes (idj, "[t]he specification indicates on page 57, lines 17-18, 
that the SSR analyses were conducted at Celera AgGen, and on page 60, line 3, 
that primers used in the analyses are also from Celera AgGen." In this regard, 
appellants point out (Brief, page 15), "the service that was used to detect SSR 
markers is commercially available to the public." In other words, a person of 



11 Again, we note as set forth in n. 4, claim 24 does not appear to further limit the scope of claim 
23 from which it depends. 

« For the same reasons we are not persuaded by the examiner's assertion (Answer, page 22) 
that appellants' specification fails to provide an adequate written description of claims 38 and 39. 
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ordinary skill in the art could use the commercially available service provided by 
Celera AgGen, Inc. to determine whether a corn plant produced by growing a 
seed of the corn variety LIZL5 has an SSR profile which is the same as that 
shown in Table 6. Therefore, it is unclear to this panel why the examiner 
believes that such a disclosure fails to provide adequate written descriptive 
support for the claimed invention. 13 Accordingly, we are not persuaded by the 

examiner's argument. 

Regarding the isozyme typing profile, the examiner notes (Answer, page 
19). "16 of the 18 isozyme markers of LIZL5 in Table 7 are also found in at least 
two other corn varieties, those of the other plants of Table 7." Based on this 
observation, the examiner concludes (id,, emphasis added), "the markers in 
Table 6 are not adequate to distinguish the claimed hybrids from other corn 
plants, as other corn plants contain almost all of the same markers.' 14 '" We find 
the examiner's logic somewhat inconsistent, the examiner recognizes that 
isozyme typing profiles of "other corn plants" are different, yet concludes that the 
different isozyme profiles are inadequate to distinguish the claimed hybrids from 
other corn plants. Accordingly, we are not persuaded by the examinees 
argument. 



13 We are not persuaded by the examiner's assertion (Answer, page 30) "that the [commercially 
available] service used to detect SSR markers is currently available is not a guarantee that it will 
remain so for the life of a patent issuing from the application." Cf. In re Metcalfe, 410 F.2d 1378. 
1382, 161 USPQ 789, 792-3 (CCPA 1969). 

14 Stated differently, the examiner recognizes that the isozyme typing profiles of the corn plants 
are different. 
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In addition, we direct the examiner's attention to claims 6 and 1 1 of 
Appeal No. 2005-0396. As we understand it, notwithstanding differences in the 
SSR and isozyme profiles, the disclosure in the specification as well as the 
language of the claims is substantially similar to that of the instant application. 
Nevertheless, the examiner in Appeal No. 2005-0396 apparently found that 
appellants' specification provided an adequate written description of the claimed 
invention as no rejection of claims 6 and 1 1 was made under the written 
description provision of 35 U.S.C. § 112, first paragraph in Appeal No. 2005- 
0396. Accordingly, we find that the examiner has treated claims 14-17 in a 
manner that is inconsistent with the prosecution of similar claims in related 
application 10/077,589, which is the subject matter of Appeal No. 2005-0396. 

For the foregoing reasons, we are not persuaded by the examiner's 
arguments. 

Claims 25-28 

According to the examiner (Answer, page 20), "fc]laims 25-28 are drawn 
towards LIZL5 plants further comprising a single locus conversion, or wherein 
the single locus was stably inserted into a corn genome by transformation." The 
examiner finds, however, that "the specification does not describe identified or 
isolated single loci for all corn plant traits." ]g\ More specifically, the examiner 
finds (idj, claims 25-27 "broadly encompass single loci that have not been 
discovered or isolated." To the extent that the examiner is asserting that 
appellants have not provided an enabling disclosure of single loci that have not 
been identified, we note that to satisfy the written description requirement, the 
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inventor "must convey with reasonable clarity to those skilled in the art that, as of 
the filing date sought , he or she was in possession of the invention" [emphasis 
added]. Vas-Cath . 

Nevertheless, it may be that the examiner's concern (Answer, page 34), is 

that "single genes that alone govern 'yield enhancement' or 'enhanced yield 

stability* have not been discovered." The examiner, however, provides no 

evidence to support the assertion that a person of ordinary skill in the art would 

not recognize that single loci for yield enhancement or yield stability are known in 

the art. In this regard, we note that appellants disclose (specification, page 29), 

"[m]any single locus traits have been identified ... examples of these traits 

include, but are not limited to, ... enhanced nutritional quality, industrial usage, 

yield stability, and yield enhancement." It appears that the examiner has 

overlooked appellants' assertion that single locus traits for yield stability and yield 

enhancement are well known in the art. To this end, we direct the examiner's 

attention to, for example, United States Patent No. 5,936,145 ("I45) 1S , issued 

August 10, 1999, which is prior to the filing date of the instant application. For 

clarity, we reproduce claims 8, 29 and 39 of the '145 patent below: 

8. A corn plant having all the physiological and morphological 

characteristics of corn plant 87DIA4, a sample of the seed of said corn 
plant having been deposited under ATCC Accession No. 203192. 

29. The corn plant of claim 8, further comprising a single gene conversion. 



15 We note that the assignee of the '145 patent is DeKalb Genetics Corporation. The assignee of 
the present application is Monsanto Company, the parent of wholly-owned subsidiary DeKalb 
Genetics Corporation. 
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39. The single gene conversion of the corn plant of claim 29, where the 
gene confers enhanced yield stability. 

As we understand it, claim 39 of the '145 patent, is drawn to a corn plant which 
comprises a single gene conversion, wherein the gene confers enhanced yield 
stability. Thus, contrary to the examiner's assertion it appears, for example, that 
a single gene that confers enhanced yield stability was known in the art prior to 
the filing date of the instant application. We remind the examiner "a patent need 
not teach, and preferably omits, what is well known in the art:" Hybritech 
Incorporated v. Monoclonal Antibodies, Inc. 802 F.2d 1367. 1385, 231 USPQ 81, 
94 (Fed. Cir. 1986). 

We remind the examiner that the inquiry into whether the description 
requirement is met must be determined on a case-by-case basis and is a 
question of fact. In re Wertheim , 541 F.2d 257, 262, 191 USPQ 90, 96 (CCPA 
1976). A description as filed is presumed to be adequate; unless or until 
sufficient evidence or reasoning to the contrary has been presented by the 
examiner to rebut the presumption. See e.g. . In re Marzocchi , 439 F.2d 220, 
224, 169 USPQ 367, 370 (CCPA 1971). The examiner, therefore, must have a 
reasonable basis to challenge the adequacy of the written description. 
Accordingly, it is the examiner who has the initial burden of establishing by a 
preponderance of evidence that a person skilled in the art would not recognize in 
an applicant's disclosure a description of the invention defined by the claims. 
Wertheim , 541 F.2d at 263, 191 USPQ at 97. On this record, the examiner 
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provides no evidence to support the assertion that single loci that govern, for 
example, yield enhancement or enhanced yield stability are not described. 

For the foregoing reasons, we are not persuaded by the examiner's 
arguments. 16 

Summary 

For the foregoing reasons, we reverse the rejection of claims 14-17 and 
22-39 under the written description provision of 35 U.S.C. § 112, first paragraph. 

Enablement : 

Claims 25-39 stand rejected under the enablement provision of 35 U.S.C. 

§ 112, first paragraph. The examiner finds (Answer, page 36). claims 27-30 

are broadly drawn to inbred corn plant LIZL5 further comprising a 
single locus conversion; or to any method of preparing transgenic 
LIZL5 cells comprising contacting cells of inbred corn plant LIZL5 
with any pre-selected DNA, having any function; or wherein said 
method further comprises regenerating a fertile transgenic plant; or 
a fertile transgenic plant produced by said method; or seed of said 
transgenic plant; or a plant grown from said seed. 

According to the examiner (Answer, page 37), "[a] review of claim 25 

indicates that it encompasses corn plant LIZL5, and therefore all of its 

morphological and physiological traits, and further comprising any single locus." 

While the examiner recognizes (idL), "[t]he practice of crossing two plant 

varieties, each expressing two different desired traits .:. is well-established." the 

examiner finds (idj, "the specification does not teach any LIZL5 plants 



16 For the same reasons we are not persuaded by the examiner's assertion (Answer, page 22) 
that appellants' specification fails to provide an adequate written description of claims 29-39. 
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comprising a single locus conversion produced by backcrossing, wherein the 
resultant plant retains all of its morphological and physiological traits in addition 
to exhibiting the single trait conferred by the introduced single locus." With 
reference to Hunsperger, Kraft, and Eshed, the examiner asserts (Answer, page 
42). Tflhe rejection raises the issue of how linkage drag hampers the insertion of 
single genes alone into a plant by backcrossing, while recovering all of the 

original plant's genome." 

Notwithstanding the examiner's assertions to the contrary, claims 25-39 
do not require that the single locus conversion plant retain all of the 
m2m) ^^ of the parent plant in addition to exhibiting 

the single trait conferred by the introduction of the single loci. Nor do claims 25- 
39 require that the resultant plant retain all of the original plant's genorne in 
addition to the single locus transferred into the inbred via the backcrossing 
technique. As appellants explain (specification, bridging paragraph, pages 27- 

28, emphasis added), 

ftlhe term single locus converted plant as used herein refers to 
hose corn plants which are developed by a plant breeding 
technique called backcrossing wherein essentially^ of the desired 
morphological and physiological characteristics of an .nbred are 
recovered in addition to the single locus transferred into the inbred 
via the backcrossing technique. 

See also appellants' definition of single locus converted (conversion) plant at 
page 23 of the specification. We find nothing in the appellants' specification to 
indicate that the single locus converted plant retains aH of the morphological and 
physiological traits, or aH of the genome, of the parent plant in addition to the 
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single locus transferred via the backcrossing technique. Accordingly, we 
disagree with the examiner's construction of claims 25-39 as "directed to exactly 
plant LIZL5, further comprising the single locus.," which appears to disregard 
appellants' definition of a single locus converted plant. See Answer, page 43. 

The examiner appreciates (Answer, page 37) that appellants' specification 
provides an example of a converted plant. While the examiner finds (id,), that 
this converted plant was not a LIZL5 converted plant, the examiner offers no 
evidence on this record that similar methodology used to produce the 
exemplified converted plant would not also be effective in producing a LIZL5 
converted plant. Nor did the examiner provide evidence that the converted plant 
exemplified in appellants' specification did not retain essentially an of the desired 
morphological and physiological characteristics of the inbred in addition to the 
characteristics conferred by the single locus transferred into the inbred via the 
backcrossing technique. 

Further, we recognize appellants' argument (Brief, page 24) that the 
examiner failed to establish a nexus between Hunsperger's discussion of 
petunias; Kraft's discussion of sugar beets; and Eshed's discussion of tomatoes, 
and the subject matter of the instant application - corn. Absent evidence to the 
contrary, we agree with appellants (id,), "[t]he [examiner's] indication l,7 > that the 
references concerning petunias, sugar beets and tomatoes apply to corn is 
made without any support." That the examiner has failed to identify (Answer, 



17 See Answer page 42. wherein the examiner asserts "[l]inkage drag appears to be a 
phenomenon that occurs in all plant types." 
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page 42) an example "in the prior art of plants in which linkage drag does not 

occur," does not mean that linkage drag is expected to occur in corn breeding, 

which according to appellants (Reply Brief, page 10) "is extremely advanced and 

well known in the art...." In this regard, we agree with appellants (Brief, bridging 

paragraph, pages 24-25; Accord Reply Brief, pages 7-8), the examiner has 

improperly placed the burden on appellants to demonstrate that the examinees 

unsupported assertion is not true. We remind the examiner, as set forth in In re 

Wright , 999 F.2d 1557, 1561-62, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993): 

When rejecting a claim under the enablement requirement of 
section 1 12, the PTO bears an initial burden of setting forth a 
reasonable explanation as to why it believes that the scope of 
protection provided by that claim is not adequately enabled by the 
description of the invention provided in the specification of the 
application; this includes, of course, providing sufficient reasons for 
doubting any assertions in the specification as to the scope of 
enablement. 

For the foregoing reasons, we reverse the rejection of claims 25-39 under 
the enablement provision of 35 U.S.C. § 1 12, first paragraph. 

SUMMARY 

We reverse the rejection of claims 2, 3, 7-17, 25-28, and 37-39 under 35 
U.S.C. § 1 12, second paragraph. 

We reverse the rejection of claims 14-17 and 22-39 under the written 
description provision of 35 U.S.C. § 112, first paragraph. 

We reverse the rejection of claims 25-39 under the enablement provision 
of 35 U.S.C. § 1 1 2, first paragraph. 
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We do not reach the merits of the objection to claim 24, which was not 
presented for our review. 

REVERSED 




Toni R. Scheiner 
Administrative Patent Judge 




Donald E. Adams 
Administrative Patent Judge 

Lora M. Green 
Administrative Patent Judge 
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ABSTRACT 



According to the invention, there is provided an inbred corn 
plant designated 87DIA4. This invention thus relates to the 
plants, seeds and tissue cultures of the inbred corn plant 
87D1A4, and to methods for producing a com plant pro- 
duced by crossing the inbred plant 87D1A4 with itself or 
with another corn plant, such as another inbred. This inven- 
tion further relates to cora seeds and plants produced by 
crossing the inbred plant 87DIA4 with another com plant, 
such as another inbred, and to crosses with related species. 
This invention further relates to the inbred and hybrid 
genetic complements of the inbred corn plant 87D1A4, and 
also to the RFLP and genetic isozyme typing profiles of 
inbred corn plant 87D1A4. 

39 Claims, No Drawings 
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INBRED CORN PLANT 87D1A4 AND SEEDS breeding population. Superior plants thai are the products of 

THEREOF Inesc crosses are selfed and selected in successive genera- 

linns. Each succeeding generation becomes more homoge- 

The prese nt application claims the priorily of co-pending neous as 3 resuJl of self-pollination and selection. Typically, 

U S Provisional Patcni Application Serial No. 60/037*305, 5 ihis method of breeding involves five or more generations of 

filed Feb 5, 1997, tbe entire disclosure of which is incor- s A c j fin 2 and election: S,--*S r ; S -S 3 ; S -*S 4 ; Sj -S 5 , etc. 

porated herein by reference without disclaimer. t££^£ 8«™». ^ '«*»* P»«- « ««« 

BACKGROUND OF THE INVENTION Backcrossing can also be used to improve an inbred plant. 

30 Backcrossing transfers a specific desirable trait from one 

J. Technical Field of tbe Invention inbred or other source to an inbred that lacks that trail. This 

The present invention relates to the field of corn breeding. can bc accomplished for example by first crossing a superior 

In particular, the invention relates to ibe inbred corn seed ,nb ' ed ( A ) (recurrent parent) lo a donor inbred (non- 

and I plant designated 87D1A4, and derivatives and tissue "current parent), which carncs the appropriate genc(s) for 

cultures of such inbred plant. 3S ' hc '"J 1 >" quesnon. The progeny of this cross are then mated 

LOJ r 3y back to tbe superior recurrent parcm (A) followed bv 

II. Description of the Background Art selection i D the resultant progeny for the desired trait lo be 

The goal of field crop breeding is lo combine various transferred from the non-r ecu rrent parent. After five or more 

desirable traits in a single variety/hybrid. Such desirable backcross generations with selection for the desired trail, the 

traits include greater yield, belter slalks, better roots, resis- progeny arc heterozygous for loci controlling the character- 

tance to insecticides, herbicides, pesls, and disease, toler- 20 istic being transferred, bui are like tbe superior parent for 

ance to heal and drought, reduced time to crop maturity, most or almost all other genes. TTie last backcross genera lion 

better agronomic quality, and uniformity in germination w ould be selfed lo give pure breeding progeny for ihe 

times, stand establishment growth rale, maturity, and frail gcne(s) being transferred. 

s - 2r A single cross hybrid corn variety is the cross of two 

Breeding techniques lake advantage of a plant's method 25 inbrcd eacb of f w K nich ^ If n K °^ which Com f l <' 

Of So. There are ,wo general methods of pollination: mc " lS ,hc ^type of the other. hybrid progeny of the 

oi pouinaiiuu. j • fr y firsI generation is designated F 3 . Preferred F. hybrids are 

a plant self-pollinates if pollen from one flower is transferred morc % gorous lhan thc f r inbrcd 3 p arents. This hybrid vigor, 

to ihe same or another flower of the same plant. A plani or helerosis> ^ manifested in many polygenic trails, includ- 

cross-pollinates if pollen come* to it from a flower on a ^ ing markc dly improved higher yields, better stalks, belter 

different plant. roots, belter uniformity and belter insect and disease resis- 

Corn plants (Zea mays JL) can be bred by both self- tance. In the development of hybrids only the F 3 hybrid 

pollination and cross-pollination. Both types of pollination plants are sought. An F, single cross hybrid is produced 

involve ibe com plant's flowers. Corn has separate male and when two inbred plants are crossed. A double cross hybrid 

female flowers on the same plant, located on the tassel and 35 is produced from four inbred plants crossed in pairs (AxB 

the ear, respectively. Natural pollination occurs in corn when and CxD) and then the iwo F, hybrids arc crossed again 

wind blows pollen from the tassels lo the silks lhal protrude (AxB)x(CxD). 

from tbe tops of the ear shoot. *Fh c development of a hybrid corn variety involves three 

Plants that have been self-pollinaied and selected for tvpe s!e Pf : 0) selection of plants from various gerroplasm 

• » ~" . „ n] c , ,n pools; (2) ibe selling of the selected plants for several 

over many generations become homozygous at almost aD 40 > ^ s {Q ^ , ^ f ^ , . 

gene loa and produce a uniform population of true breeding * h ^ cach ^ ^ ^ ^ ^ 

progeny, a homozygous planl. A cross between two such b - hly ^ p) !fac 

homozygous plants produce a uniform population of hybrid ^ ' umcUlc6 in5fcd plants lo proth)CC lbc hybrit) prog cny 
plants lhal are heterozygous for many gene loa. Conversely, During the inbreeding process in corn, Ibe vigor of the 
a cross of two plants each heterozygous at a number of gene 45 plams deceases. Vigor is restored when iwo unrelated 
loci produces a population of hybrid planls that differ inbred plants are crossed to produce the hybrid progeny (F,). 
genetically and are nol uniform. The resulting non- An important consequence of the homozygosity and homo- 
uniformity makes performance unpredictable. geneily of the inbred plants is that tbe hybrid between any 

The development of uniform com plant hybrids requires iwo inbreds is always tbe same. Once the inbreds that give 
the development of homozygous inbred plants, the crossing 50 a superior hybrid have been identified, hybrid seed can be 
of these inbred plants, and the evaluation of ihe crosses. reproduced indefinitely as long as tbe homogeneity of the 
Pedigree breeding and recurrent selection are examples of inbred parents is maintained. Conversely, much of the 
breeding methods used to develop inbred plants from breed- hybrid vigor exhibited by hybrids is lost in ihe next 
,* D g populations. Those breeding methods combine the generation (F^. Consequently, seed from hybrid varieties is 
genetic backgrounds from iwo or more inbred plants or 55 not used for planting stock. It is not generally beneficial for 
various other broad-based sources into breeding pools from farmers to save seed of F 3 hybrids. Rather, fanners purchase 
which new inbred planls are developed by selling and F, hybrid seed for planting every year, 
selection of desired phenotypes. The new inbreds are North American farmers plant over 70 million acres of 
crossed with other inbred planls and tbe hybrids from these corn al the present time and there are extensive national and 
crosses are evaluated to determine which of those have go international commercial com breeding programs. A con- 
commercial potential. linuing goal of ihese com breeding programs is to develop 

Tbe pedigree breeding method for single-gene traits high-yielding com hybrids that are based on stable inbred 

involves crossing Iwo genotypes. Each genotype can have plants thai maximize the amount of grain produced and 

one or more desirable characteristics lacking in the other; or, minimize susceptibility to environmental stresses. To 

eacb genotype can complement tbe oihcr. If the two original 65 accomplish this goal, tbe corn breeder roust select and 

parental genotypes do not provide all of Ibe desired develop superior inbred parental plants for producing 

characteristics, oibcr genotypes can be included in the hybrids. 
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SUMMARY OF THE INVENTION 

In one aspect, the present invention provides a corn plant 
designated 87DIA4. Also provided are corn planis having all 
ibe physiological and morphological characteristics of corn . 
plani 87D1A4. 

The inbred corn plan! of the invention may further 
comprise, or have, a cytoplasmic factor that is capable of 
conferring male sterility. Pans of the com plant of the 
present invention are also provided, such as, e.g., pollen 30 
obtained from an inbred plant and an ovule of the inbred 
plant. 

The invention also concerns seed of the corn plant 
87DIA4, which has been deposited with the ATCC. The 
invention thus provides inbred corn seed designated 
87D1A4, and having ATCC Accession No. 203192. 

The inbred corn seed of the invention may be provided as 
an essentially homogeneous population of inbred com seed 
designated 87DIA4. 

Essentially homogeneous populations of inbred seed are 
those that consist essentially of the particular inbred seed, 
and are generally purified free from substantial numbers of 
other seed, so thai the inbred seed forms between about 90% 
and about 300% of the total seed, and preferably, between 
about 95% and about 300% of the total seed. Most 
preferably, an essentially homogeneous population of inbred 
corn seed will contain between about 983%, 99%, 993% 
and about 300% of inbred seed, as measured by seed grow 
outs. 

In any event, even if a population of inbred com seed was 
found, for some reason, to contain about 50%, or even about 
20% or 15% of inbred seed, this would still be distinguished 
from the small fraction of inbred seed thai may be found 
within a population of hybrid seed, e.g., within a bag of 
" hybrid seed. In such a bag of hybrid seed offered for sale, the 
Governmental regulations require that the hybrid seed be at 
least about 95% of the lotal seed. In the practice of the 
present invention, the hybrid seed generally forms at least 
about 97% of the total seed. In the most preferred practice 
of the invention, the female inbred seed that may be found 
within a bag of hybrid seed will be about 1% of the lotal 
seed, or less, and the male inbred seed (hat may be found 
within a bag of hybrid seed will be negligible, i.e., will be 
on the order of about a maximum of 1 per 300,000, and 
usually less than this value. 

The population of inbred corn seed of Ibe invention is 
furlher particularly defined as being essentially free , from 
hybrid seed. The inbred seed population may be separately 
grown lo provide an essentially homogeneous population of 50 
inbred corn plani designated 87D1A4. 

In anolber aspeel, Ibe present invention provides for 
single gene converted plants of 87DlA4..Tbc single trans- 
ferred gene may preferably be a dominant or recessive allele. 
Preferably, the single transferred gene will confer such trails 55 
as male sterility, herbicide resistance, insect resistance, 
resistance for bacterial, fungal, or viral disease, male 
fertility, enhanced nutritional quality, and industrial usage. 
The single gene may be a naturally occurring maize gene or 
a transgenc introduced through genetic engineering tech- 50 
niques. 

Jn another aspect, the present invention provides a 1 issue 
culture of regenerable cells of inbred com plant 87DLA4. 
The tissue culture will preferably be capable of regenerating 
plants having ibe physiological and morphological charac- 65 
teristics of the foregoing inbred com plant, and of regener- 
ating plants having substantially the same genotype as the 
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foregoing inbred corn plant. Preferably, the regenerable cells 
in such tissue cultures will be embryos, protoplasts, mer- 
istemalic cells, callus, pollen, leaves, anthers, roots, root 
lips, silk, flowers, kernels, ears, cobs, husks or stalks. Still 
furlher, the present invention provides corn plants regener- 
ated from ihe tissue cultures of ibe invention. 

In yel another aspect, the present invention provides 
processes for preparing corn seed or plants, which processes 
generally comprise crossing a first parent corn plani wiih a 
second parent corn plant, wherein at least one of ibe firsi or 
second parenl corn planis is the inbred corn plant designated 
87D1A4. These processes may be further exemplified as 
processes for preparing hybrid corn seed or plants, wherein 
a first inbred corn plant is crossed with a second, distinct 
15 inbred corn plant 10 provide a hybrid thai has, as one of its 
parents, the inbred corn plant 87DJA4. 

In a preferred embodiment, crossing comprises planting, 
in pollinating proximity, seeds of ihe firsi and second parenl 
corn plant, and preferably, seeds of a first inbred corn plani 
and a second, distinct inbred corn plant; cultivating or 
growing the seeds of said firsi and second parent corn planis 
inio planis thai bear flowers; emasculating Ihe male flowers 
of the first or second parent corn plant, i.e., irealing the 
flowers so as to prevent pollen production, in order to 
produce an emasculated parent com plani; allowing natural 
cross-pollination to occur between the first and second 
parenl corn planis; and harvesting Ihe seeds from Ihe emas- 
culated parent corn plant. Where desired, the harvesied seed 
is grown to produce a corn plant or hybrid corn plant. 

The present invention also provides corn seed and plants 
produced by a process that comprises crossing a first parenl 
corn plant with a second parenl corn plani, wherein ai least 
one of the first or second parent corn plants is ihe inbred corn 
plant designated 87D1A4. In one embodiment, corn plants 
produced by the process are first generation (F a ) hybrid com 
plants produced by crossing an inbred in accordance with 
the invention with another, distinct inbred. The present 
invention furlher contemplates seed of an F, hybrid com 
plant. 

In certain exemplary embodiments, the invention pro- 
vides an F, hybrid corn plani and seed Ihereof, which hybrid 
corn plani is designated 4033843, having 871D1A4 as one 
inbred parenl. 

In yet a further aspect, ibe invention provides an inbred 
genetic complement of the corn plant designated 87D1A4. 
The phrase "genetic complement'* is used lo refer to ibe 
aggregate of nucleotide sequences, the expression of which 
sequences defines inc phenotype of, in the present case, a 
corn plant, or a cell or tissue of that plant. An inbred genetic 
complement thus represents Ihe genetic make up of an 
inbred cell, tissue or plant, and a hybrid genetic complement 
represents the genetic make up of a hybrid cell, tissue or 
plani. The invention thus provides com plani cells thai have 
a genetic complement in accordance with Ibe inbred corn 
plant cells disclosed herein, and plants, seeds and diploid 
planis containing such cells. 

Plant genetic complements may be assessed by genetic 
marker profiles, and by the expression of phenotypic 1 rails 
thai are characteristic of ihe expression of the generic 
complement e.g., isozyme typing profiles. Thus, such corn 
plant cells may be defined as having an RFLP genetic 
marker profile in accordance wiih ihe profile shown in Table 
8, or a genetic isozyme typing profile in accordance with ihe 
profile shown in Table 9, or having both an RFLP genetic 
marker profile and a genetic isozyme typing profile in 
accordance wiih ibe profiles shown in Tables 8 and 9. 
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In anoibcr aspect, the present invention provides hybrid 
genetic complements, as represented by com plant cells, 
tissues, plants and seeds, formed by the combination of a 
haploid genetic complement of an inbred corn plant of the 
invention with a haploid genetic complement of a second 
corn plant, preferably, another, distinct inbred corn plant. In 
another aspect, the present invention provides a com plant 
regenerated from a tissue culture that comprises a hybrid 
genetic complement of this invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
I. DEFINITIONS 

Barren Plants: Plants that are barren, i.e., lack an ear with 

grain, or have an car with only a few scattered kernels. 
Cg: Colletotrichum graminicola rating. Rating limes )0is 

approximately equal to percent total plant infection. 
CLN: Corn Lethal Necrosis (combination of Maize 

(Chlorolic Mottle Virus and Maize Dwarf Mosaic 

virus) rating: numerical ratings arc based on a severity 20 

scale where Inmost resistant to 9-susceplible. 
Cn: Corynebacterium nebrasketvse rating. Rating times 10 

is approximately equal to percent total plant infection. 
Cz: Cercospora zeae-maydis rating. Rating times 10 is 

approximately equal to percent total plant infection. 
Dgg: Diotroea grandiosella girdling rating (values are 

percent plants girdled and stalk lodged). 
Dropped Ears: Ears that have fallen from the plant to the 

ground. 

Dsp: Diabrotica species root ratings (1 -least affected to 

9-scvere pruning). 
Ear-Attitude: The attitude or position of the ear at harvest 

scored as upright, horizontal, or pendant. 
Ear-Cob Color: The color of tbe cob, scored as white, 3* 

pink, red, or brown. 
Ear-Cob Diameter: The average diameter of the cob 

measured at the midpoint. 
Ear-Cob Strength: A measure of mechanical strength of 

the cobs to breakage, scored as strong or weak. 
Ear-Diameter Tbe average diameter of the ear at its 

midpoint. 

Ear- Dry Husk Color: The color of the husks at harvest 

scored as buff, red, or purple. 
Ear-Fresh Husk The color of the husks 1 to 2 weeks after 

pollination scored as Color: green, red, or purple. 
Ear-Husk Bract: Tbe length of an average husk leaf scored 

as short, medium, or long. 
Ear-Husk Cover: The average distance from ibe tip of tbe 

car to the lip of the husks. Minimum value no less than 

zero. 

Ear-Husk Opening: An evaluation of husk tightness at 
harvest scored as light, intermediate, or open. 

Ear-Length: Tbe average length of the car. 

Ear-Number Per Tbe average number of ears per plant. 
Stalk: 

Ear-Sbank Tbe average number of internodes on the ear 

shank. Internodes: 
Ear-Shank Length: Tbe average length of the ear shank. 
Ear-Sbelling Percent: Tbe average of tbe shelled grain 

weight divided by the sum of the shelled grain weight 

and cob weight for a single ear. 
Ear-Silk Color: Tbe color of the silk observed 2 to 3 days 

after silk emergence scored as green-yellow, yellow, 

pink, red, or purple. 
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Ear-Taper (Shape): The taper or shape of the ear scored as 

conical, semi-conical, or cylindrical. 
Ear-Weight: The average weight of an ear. 
Early Stand: The percent of plants that emerge from the 

ground as determined in the early spring. 
ER: Ear rot rating (values approximate percent ear rotted). 
Final Stand Count: The number of plants just prior to 

harvest. 

GDUs to Shed: The number of growing degree units 
(GDUs) or heat units required for an inbred line or 
hybrid to have approximately 50 percent of the plants 
shedding pollen as measured from time of planting. 
Growing degree units are calculated by the Bargcr 
Method, where the heal units for a 2 4- hour period art 
calculated as GDUs-=[Maximum daily temperature-* 
Minimum daily tempera iure)/2]- 50. The highest maxi- 
mum daily temperature used is 86 degrees Fahrenheit 
and the lowest minimum temperature used is 50 
degrees Fahrenheit. GDUs to shed is then determined 
by summing the individual daily values from planting 
date to tbe dale of 50 percent pollen shed. 

GDUs to Silk: The number of growing degree units for an 
inbred line or hybrid to have approximately 50 percent 
of the plants with silk emergence as measured from 
time of planting. Growing degree units are calculated 
by the same methodology as indicated in the GDUs to 
shed definition. 

Hc2: Helminthosporium carbonum race 2 rating. Rating 
times 10 is approximately equal to percent total plant 
infection. 

Hc3: Helminthosporium carbonum race 3 rating. Rating 
times 10 is approximately equal to percent total plant 
infection. 

Hm: Helminthosporium maydis race 0 rating. Rating 
limes 10 is approximately equal to percent total plant 
infection. 

Htl; Helminthosporium turcicum race 1 rating. Rating 
times 10 is approximately equal to percent total plant 
infection. 

Hl2: Helminthosporium turcicum race 2 rating. Rating 
times 10 is approximately equal to percent total plant 
infection. 

HtG: +=Presence of Hi chlorolic -lesion lype resistance. 
Rating times 10 is approximately equal to percent total 
plant infection. —Absence of a Ht chlorotic-lesion 
type resistance. Rating limes 10 is approximately equal 
to percent total plant infection. +/- -Segregation of a Hi 
chlorotic-lesion type resistance. Rating times 10 is 
approximately equal to percent total plant infection. 

Kernel- Aleurone The color of the aleurone scored as 
white, pink, tan, brown, Color: bronze, red, purple, pale 
purple, colorless, or variegated. 

Kernel-Cap Color: The color of the kernel cap observed 
al dry slage, scored as white, lemon-yellow, yellow or 
orange. 

Kernel-Endosperm The color of the endosperm scored as 

white, pale yellow, or Color: yellow. 
Kernel-Endosperm The type of endosperm scored as 

normal, waxy, or opaque. Type: 
Kernel-Grade: The percent of kernels that are classified as 

rounds. 

Kernel-Length: The average distance from the cap of the 

kerne) to the pedicel. . 
Kernel-Number Per The average number of kernels in a 

single row. Row: 
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Kernel-Pericarp The color of ihe pericarp scored aj- 

colorless, red- while crown, tan, Color: bronze, brown, 

light red, cherry red, or variegated. 
Kernel-Row The direction of the kernel rows on the ear 

scored as straight, Direction: slightly curved, spiral, or 5 

indistinct (scattered). 
Kernel-Row Number: The average number of rows of 

kernels on a single ear. 
Kernel-Side Color: The color of the kernel side observed 

at the dry stage, scored as white, pale yellow, yellow, 

orange, red, or brown. 
Kernel-Thickness: The distance across the narrow side of 

Ihe kernel. 

Kernel-Type: The type of kernel scored as dent, flint, or JS 
intermediate. 

Kernel- Weight: The average weight of a predetermined 
number of kernels. 

Kernel-Width: The disiance across the flat side of the 
kernel. 20 

Kz: Kaboiiella 2eae rating. Rating times 30 is approxi- 
mately equal to percent total plant infection. 

Leaf- Angle: Angle of the upper leaves to the stalk scored 
as upright (0 to 30 degrees), intermediate (30 to 60 
degrees), or lax (60 to 90 degrees). 25 

Leaf-Color: The color of the leaves 1 to 2 weeks after 
pollination scored as light green, medium green, dark 
green, or very dark green. 

Leaf-Length: The average length of the primary ear leaf. 30 

Leaf- Longitudinal A rating of the number of longitudinal 
creases on the leaf surface 1 Creases: to 2 weeks after 
pollination. Creases are scored as absent, few, or many. 

Leaf-Marginal A rating of the waviness of the leaf margin 
1 to 2 weeks after Waves: pollination. Rated as none, 35 
few, or many. 

Leaf-Number: The average number of leaves of a mature 
plant. Counting begins with the cotyledonary leaf and 
ends with the flag leaf. 

Leaf-Sheath A rating of tbe level of anthocyanin in the 40 
leaf sheath 1 to 2 weeks Anthocyanin: after pollination, 
scored as absent, basal-weak, basal-strong, weak or 
strong. 

Leaf-Sbeatb A rating of the pubescence of the leaf sheath. 

Ratings are taken 1 Pubescence: lo 2 weeks after 45 

pollination and scored as light, medium, or heavy. 
Leaf- Width: The average width of tbe primary ear leaf 

measured at its widest point. 
LSS: Late season standability (values times 10 approxi- 5Q 

male percent plants lodged in disease evaluation plots). 
Moisture: Tbe moisture of ibe grain at harvest. 
Onl: Ostrinia nubilalis 1st brood rating (1 -resistant to 

9-suscepiiblc). 

On2: Ostrinia nubilalis 2nd brood rating (1- resistant to 55 
9-susceptible). 

Relative Maturity: A maturity rating based on regression 
analysis. The regression analysis is developed by uti- 
lizing check hybrids and their previously established 
day rating versus actual harvest moistures. Harvest 60 
moisture on Ihe hybrid in question is determined and 
that moisture value is inserted into tbe regression 
equation to yield a relative maturity. 

Root Lodging: Root lodging is tbe percentage of plants 
that root lodge. A plant is counted as root lodged if a 65 
portion of the plant leans from tbe vertical axis by 
approximately 30 degrees or more. 
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Seedling Color: Color of leaves at the 6 to 8 leaf stage. 

Seedling Height: Plant height at the 6 to 8 leaf stage. 

Seedling Vigor: A visual rating of the amount of vegeta- 
tive growth on a 1 to 9 scale, where 1 equals best. The 
score is taken when the average entry in a trial is at the 
fifth leaf stage. 

Selection Index: The selection index gives a single mea- 
sure of hybrid's worth based on information from 
multiple trails. One of the traits that is almost always 
included is yield. Traits may be weighted according to 
the level of importance assigned to them. 

Sr: Sphacelotheca rei liana rating is actual percent infec- 
tion. 

Stalk-Anthocyanin: A rating of the amount of anthocyanin 
pigmentation in the stalk. The stalk is rated 1 to 2 weeks 
after pollination as absent, basal- weak, basal-strong, 
weak, or strong. 

Stalk-Brace Root The color of the brace roots observed 1 
to 2 weeks after pollination Color: as green, red, or 
purple. 

Stalk-Diameter: The average diameter of the lowest vis- 
ible internode of the stalk. 

Stalk-Ear Height: The average height of the ear measured 
from tbe ground to the point of attachment of the ear 
shank of tbe top developed ear to the stalk. 

Stalk-lnternode The direction of tbe stalk internode 
observed after pollination as Direction: straight or 
zigzag. 

Stalk-lntcmodc Tbe average length of the internode above 
the primary ear. Length: 

Stalk Lodging: The percentage of plants that, did stalk 
lodge. Plants are counted as stalk lodged if the plant is 
broken over or off below the ear. 

Stalk-Nodes With The average number of nodes having 
brace roots per plant. Brace Roots: 

Stalk-Plant Height: The average height of the plant as 
measured from the soil lo the tip of the tassel. 

Stalk-Tillers: Tbe percent of plants that have tillers. A 
tiller is defined as a secondary shoot that has developed 
as a tassel capable of shedding pollen. 

Staygreen: Slaygreen is a measure of general plant health 
near tbe time of black layer formation (physiological 
maturity). It is usually recorded at the time the ear 
husks of most entries within a trial have turned a mature 
color. Scoring, is on a 1 lo 9 basis where 1 equals best. 

STR: Stalk rot rating (values represent severity rating of 
1«25 percent of inoculated internode rotted to 9-cnlirc 
stalk rotted and collapsed). 

SVC: Southeastern 'Virus Complex combination of Maize 
Cblorolic Dwarf Virus and Maize Dwarf Mosaic Virus) 
rating; numerical ratings are based on a severity scale 
where Inmost resistant to 9*susceptible (1988 reac- 
tions are largely Maize Dwarf Mosaic Virus reactions). 

Tassel-Anther Color: The color of the anthers at 50 
percent pollen shed scored as green-yellow, yellow, 
pink, red, or purple. 

Tassel-Attitude: The attitude of the tassel after pollination 
scored as open or compact. 

Tassel-Branch Angle: The angle of an average tassel 
branch to tbe main stem of the tassel scored as upright 
(less than 30 degrees), intermediate (30 to 45 degrees), 
or lax (greater than 45 degrees). 

Tassel-B ranch The average number of primary tassel 
branches. Number. 
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Tassel-Glume Band: The closed anthocyanin band al the primary structure and/or elecirophoretic mobility. The dif- 

base of the glume scored as present or absent. feicnccs berween isozymes arc under single cene, codomi- 

Tassel-Glumc Color: The color of the glumes al 50 nant control. Consequently, elecirophoretic separation lo 

percent shed scored as gieen, red, or purple. produce band patterns can be equated to different alleles at 

Tassel-Lengtb: The length of the tassel measured from the 5 the, DNA level. Structural differences that do not alter 

base of the bottom tassel branch to the tassel tip. charge cannot be detected by this method. 

Tassel-Peduncle The average length of the lasscl Isozyme typing profile refers to a profile of band patterns 

peduncle, measured from the base Length: of the flag of isozymes separated by electrophoresis that can be equated 

leaf to the base of the bottom tassel branch. jq to different alleles at the DNA level. 

Tassel-Pollen Shed: A visual rating of pollen shed deter- Linkage refers to a phenomenon wherein alleles on the 

mined by tapping the tassel and observing the pollen same chromosome tend to segregate together more often 

flow of approximately five plants per entry. Rated on a man expected by chance if their transmission was indepen- 

1 to 9 scale where 9^sterilc, Inmost pollen. <} cn , 

Tassel-Spike Length: The length of the spike measured 35 Marker is a readily detectable phenotype, preferably 

from the base of the top tassel branch to the tassel lip. inherited in codominanl fashion (boih alleles at a locus in a . 

Test Weight: The measure of the weight of the grain in diploid heterozygotc are readily delectable), with no envi- 

pounds for a given volume (bushel) adjusted to 15.5 ron rocntal variance component, i.e., heritably of 1. 

percent moisture. 87DIA4 refers to the corn plant from which seeds having 

Yield: Yield of grain at harvest adjusted to 15.5 percents 20 AXCC Accessjon No . 203192 were obtained, as well as 

moisture. p l ams grown f rom those seeds. 

II. OTHER DEFJN1 JlUiNb Phenotype refers to ihe delectable characteristics of a cell 

Allele is any of one or more alternative forms of a gene, *r ....... 

. . \ i i a ^u„^t~ r Ut;^ \ n * or orpanism, which characteristics are the manifestation of 

all of which alleles relale to one trait or characteristic. In a v * 

diploid cell or organism, the two alleles of a given gene 25 gene expression^ 

oipioia ecu xj b . i * 1C Quantitative Trait Loci (QTL) refer to genetic loci lhal. 

occupy corresponding loci on a pair of homologous chro- w ' 6 

v^uyy r t> control to some degree numerically representable trails lhal 

mosomes. j__ ,.^, v arc usually continuously disiribuicd. 

Backcrossme is a process in which a breeder repeatedly ' ' 

DacKcro^i b M Jl.c Regeneration refers to the developmenl of a planl Irom 

crosses hybrid progeny back to one of the parents, lor 3Q * 

example, a first generation hybrid (F,) wiib one of the tissue culture. • 

cxampic, c fc j RFLP genetic marker profile refers lo a profile of band 

'"SSSSSt f ^-herein a mi ,n,,e of F~» <*™* ^ by 

6 r . r « r^n^«,.^ agarose eel electrophoresis, after restriction endonuclease 

dissolved substances are bound to a solid support followed £ . f nN 

by passing a column of fluid across the solid support and 35 *g«»on of DNA. 

ujr 6 Self-pollination refers to the transfer of pollen from the 

varvine the composition of the fluid. The components ol the r r 

. j u i .i*...v. n anther lo the siigroa of the same plant, 

mixture arc separated by selective elution. ® r . 

mixiuit « jk . / MM . W| „ u „ lc Single Gene Converted (Conversion) Planl refers lo plants 

Crossing refers to tbe mating of two parent plants. * ' ** 

«• r . r wt - „ K « tK«. «r,;«« «r which arc developed by a plant breeding lech m que called 

Goss-po hnation refers lo fertilization by the union ol • L - « n r.if j • j ^ 

v , , i , 40 backcrossmg wherein essenlially all of the desired morpho- 

rwo ca metes from different plants. . * . . . . , 

1 & M . . rt „ ta? rtf loeical and physiological characteristics of an inbred are 

Diploid refers to a cell or organism having two sets of * J . y . .. • , r 

^ recovered in addition to the single gene transferred into the 

Cb B^mesis is a process by which particles suspended »b«d via the backcrossing technique. 
» a fluid are moved under tbe action of an electrical field, ,5 ^issu* CMmie rcfc ' s lo a composition comprising Ho- 
rn a nuiu ait „ K „ rt * lated ce Is of the same or a different type or a collection of 
and thereby separated according to their charge and molccu- • j*. . f , . 
anu 7 ; . , r . «, such cells organized into parts of a planl. 
larweiebt This method of separation is well known lo those " ,„ . / - i , , 
lar weigni. i r ^ M „,:„„ The following examples are included lo demonstrate 
skilled in the art and is typical), ^applied to separating preferred embodiments of the invention, ll should be appre- 
various forms of enzymes and of DNA fragments produced ^ ^ by ^ of skjJJ fa ^ ^ ||ja| ^ lccbmquc$ 

by restriction endonucleases. disclosed in the examples that follow represent techniques 

Emasculate refers to tbe removal of plant male sex organs. discovered by tbe inventor to function well in the practice of 

Enzymes are organic catalysts that can exist in various mc invention, and thus can be considered to constitute 

forms called isozymes. preferred modes for its practice. However, those of skill in 

F Hybrid refers to the first generation progeny of the 55 the art should, in light of Ihe present disclosure, appreciate 

cross of two plants. Ihal maDV ch a "g cs can DC madc 1D ,he specific embodiments 

Genelic Complement refers to an aggregate of nucleotide that arc disclosed and still obtain a like or similar result 

screes. Ac cession of wbich sconces defines ,bc 

pbenoiype in com plants, o. component of plants including ^ h accordance ^ one aspec , of lbc preseD , inventioD< 

cells or tissue. mcrc ^ p rov ided a novel inbred com plant, designated 

Genotype refers lo the genetic constitution of a cell or 87D ] A 4. j n brcd corn plant 87D1A4 is a yellow, dent corn 

organism. inbred that can be compared lo inbred corn plants 2FACC, 

Haploid refers to a cell or organism having one set of the 3A2A1, and AQA3, all of which are proprietary inbreds of 

rwo sets of chromosomes in a diploid. 65 DEKALB Genetics Corporation. 87D1A4 differs signifi- 

lsozymes are one of a number of enzymes which catalyze cantly (al tbe 1 %, 5%, or 109c level) from ihesc inbred lines 

ihe same reactions) but differ from each other, e.g., in in several aspects (Table 1, Table 2, and Table 3). 
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TABLE 1 



COMPARISON OF 87D1A4 WITH 2FACC 
BARREN DROP EHT 



INBRED 



MST 

INCH FINAL * 



PUT 
INCH 



RTL 



SHED 
GDU 



SDLK 
GDU 



STL 

% 



YLD 
BU 



87DIA4 
2FACC 
DIFF 
* LOC 
P VALUE 



0.? 

0.4 
-0.1 
35 

0.88 



0.] 
0.6 

-0.5 

13 
0.65 



20 
29.5 
-5.2 
8 

0.00* 



62.4 17.* 

62.0 73S 

0.4 -6.1 

15 14 

0.84 0.00- 



57.0 
67.3 
-10.1 
8 

0.00" 



0.2 

IJ 
-1.3 
14 

0.40 



1363.1 
1482.6 
-3193 
8 

o.oo- 



1357.1 
34833 
-324.4 
8 

o.oo- 



8.2 
5.8 
2.4 
3? 
0.36 



65.1 
77.4 
-12.3 
13 

o.or 



Significance levels are indicated as: 
4-30 percent, 
• . 5 percent,. 

- 3 percent. 
Legend Abbreviations: 
BARREN % - Banco Planls (pcrcenl) 
DROP - Dropped Ear* (percent) 
EHT INCH - Ear Height (inches) 
FINAL - Final Sund 
MST * - Moisture (percent) 
PHT INCH - Plant Height (inches) 
RTL % - Root Lodging (percent) 
SHED GDU - GDUs to Shed 
SILK GDU - GDUS to Sift 
STL * - Stalk Lodging (percent) 
YLD DU - Yield (bushcls/acrc) 



INBRED 



TABLE 2 

COMPARISON OF 87 D LA 4 WITH 3AZA1 

BARREN DROP EHT MST PHT RTL SHED SOK STL YU> 

.% INCH FINAL % INCH » GDU GDU % • 



ni ni 24 1 62.4 17.8 57.0 0.2 1363.1 1357.3 8.2 65.1 

BF | s f ? ? r * r r s 5 ~ 

££lL-E 0.« 0.39 0.66 0» 0.13 0.48 0.94 0.00" MV W 



Significance levels are indicated as: 
♦ - 10 percent, 
- . 5 percent, 

- 1 percent- 
Legend Abbreviations: 
BARREN % - Barren Planls (percent) 
DROP % - Dropped Ears (percent) 
EHT INCH - Ear Heigh! (inches) 
FINAL - Final Sund 
MST % - Moisture (percent) 
PHT INCH - Plant Height (inches) 
RTL % - Roo* Lodging (percent) 
SHED GDU - GDUs to Shed 
SILK GDU - GDUS to Sflk 
STL * - Stalk Lodging (percent) 
YLD BU - Yield (busbeWncrc) 



INBRED 



TABUE 3 

C OMPARISON OF 87DIA4 WITH AQA3 

BARREN DROP EHT MST PHT RTL SHED SILK STL YLD 
* * INCH FINAL * INCH ft ODO GDU ft BU 



87DIA4 



0.3 


0J 


243 


624 


m 


57.0 


0.2 


1363.3 


0.4 


03 


25.9 


6Z7 


14.4 


58.1 


1.0 


1356-2 


-0.1 


-0.4. 


-1.6 


-0.3 


33 


-1.3 


-0.8 


6.9 



1357.3 8.2 65.1 
1348.6 15.2 35.7 



AOA3 0.4 UJ> O.* ' 

A0A * n, -1.1 -0.8 6.9 8.5 -7.0 29.4 

DIFF 
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TABLE 3-conlimied 



COMPARISON OF 87D1A4 WITH AQA3 



INBRED 


BARREN 


DROP 


EHT 
INCH 


FINAL 


MST 


PHT 
INCH 


RTL 
% 


SHED 
GDI- 


SILK 
GDI' 


STL 


YLD 

BU 


# LOC 
P VALUE 


15 

0.86 


0.72 


8 

0.34 


0.86 


0.00" 


8 

038 


14 

0.56 


8 

0.64 


8 

0.63 


10 

o.oi ■ 


0.00** 



Significance levels are indicaicd as: 

♦ - 10 pCTCCDU 

• - 5 percent, 

« J percent. 
Legend Abbreviations: 
BARREN % - Banen Planls (percent) 
DROP % - Dropped Eart (percent) 
EHT INCH - Ear Height (inches) 
FINAL - Final Stand 
MST % - Moisture (percent) 
PHT INCH - Plant Height (inches) 
RTL Vo - Root Lodging (percent) 
SHED GDU - GDUs lo Shed 
SILK GDU - GDUS to Sflk 
STL % - Stalk Lodging (percent) 
YLD BU - Yield (bushels/acre) 



A. ORIGIN AMD BREEDING HISTORY 

Inbred planl 87D1A4 was derived from ihe cross between 
a line derived from 2FACC aDd 3AZAJ. 

87DIA4 shows uniformity and stability within the limits 
of environmental influence for the traits described herein- 
after in Table 4. 87DIA4 has been self-pollinated and 
ear -rowed a sufficient number of generations with careful 
attention paid to uniformity of plant type to ensure homozy- 
gosity and pbenotypic stability. No variant traits have been 
observed or arc expected in 87D1A4. 

A deposit of 2500 seeds of planl designated 87D1A4 has 
been made with the American Type Culture Collection 
{ATCC) 9 Rockville Pike, Bclhesda, Md. on Sep. 11, 1998. 
Those deposited seeds have been assigned Accession No. 
203192. The deposit was made in accordance wilh the terms 
and provisions of the Budapest Treaty relating lo deposit of 
microorganisms and is made for a term of at least thirty (30) 
years and at least five (05) years after the most recent request 
for the furnishing of a sample of the deposit was received by 
the depository, or for the effective term of tbe patent, 
whichever is longer, and will be replaced if it becomes 
non- viable during that period. 

Inbred com plants can be reproduced by planting such 
inbred seeds, growing the resulting corn plants under self- 
pollinating or sib-pollinating conditions with adequate iso- 
lation using standard techniques well known to an artisan 
skilled in ibe agricultural arts. Seeds can be harvested from 
such a planl using standard, well known procedures. 

The origin and breeding history of inbred plant 87D1A4 
can be summarized as follows: 



Summer 1988 The cross. 2FACC and AQA3 was made. 
Both inbrcds arc proprietary to DEKALB Genetics 
Corporation. 

Winter 1988 SO seed was grown (nursery row 67-51). 
Summer 1989 Si seed was grown (nursery rows 4-25 to 
4-38). 

Winter 1989 S2 seed was grown ear-to-row (nursery row 
649-62). 

Summer 1990 S3 seed was grown ear-to-row (nursery 
row 130-15). 

Winter 1990 S4 seed was grown ear-to-row (nursery row • 
C23-23). 

Summer 1991 S5 seed was grown ear-to-row (nursery 
row 222-67). 

Summer 1992 S6 seed was grown ear-to-row (nursery 
row 418-56). 

Summer 1993 S7 seed was grown car-lo-row (nursery 
rows 346-32 to 346-39). Seed from all rows was bulked 
to form 87D1A4. 

B. PHENOTYPIC DESCRIPTION 

In accordance wilh another aspect of the present 
invention, there is provided a com plant having the physi- 
ological and morphological characteristics of corn plant 
87DIA4. A description of the physiological and morpho- 
logical characteristics of com planl 87D1A114 is presented 
in Table 4. 



TABLE 4 



MORPHOLOGICAL TRAITS FOR THE 87DIA4 PHENQTYPE 



CHARACTERISTIC 


87D1A4 


2FACC 


3AZA1 


AOA3 


STALK 










Diameter (width) cm 


J.9 


2a 


2.0 


2J2 


Anthocyanin 


Absent 


Absent 


Absent 


Absent 


Node* with Bract 


1.4 


1.9 


2.0 


1.5 


Roots 










Brace Root Color 


Red 


Purple 




Green 


I nit mode Direction 


Straight 


Straight 


Straight 


Straight 
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TABLE 4-coniinued 



MORPHOLOGICAL TRAITS FOR THE 87D1A4 PHENOTYPE 



lntemodc Length cm. 

2. LEAF 
Coloi 
Length cm 
Width cm. 
Sbcalh AnlhocyBnin 
Sheath Pubescence 
Marginal Waves. 
Longitudinal Creases 

3. TASSEL 
Attitude 
Length cm. 
SpDtc Length cm. 
Peduncle Length cm- 
Branch Number 
Anther Color 
Glume Color 
Glume Band 

4. EAR 
Silk Color 
Numbei Per Stalk 
Portion (attitude) 
Length cm. 
Shape 

Diameter cm. 
Weight gm. 
Shank Length cm. 
Husk Bract 
Husk Cover cm. 
Husk Opening 
Husk Color Fresh 
Husk Color Dry 
Cob Diameter cm. 
Cob Color 
Shelling Percent 
5. KERNEL 
Row Number 
Number Per row 
Row Direction 
Type 

Op Color 

Side Color 
Length (depth) mm. 
Width mm. 
Thickness 

Weight of 1000K gm. 
Endosperm Type 
Endosperm Color 



87DIA4 


ZrA<-\- 


3A2A1 


aOa? 


30..* 


17 1 


34.0 


33.3 


Med Green 


Med Green 


Med Green 


Med Green 


68.0 


73.3 


66.2 


67.9 


30.0 


8.7 


7.9 


83 


Weak 


Weak 


Weak 


Absent 


Medium 


Light 


Medium 


Medium 


Few- 


Few 


Few 


Few 


Absent 


Absent 




Few 


Compact 


Compact 




Open 


29.5 


26.7 


JJ.U 


33.0 


19.5 


19.3 


24.4 


23.3 


23 


5.2 


3.6 


3.6 


4.5 


7.7 


3.8 


c c 

J -3 


Red 


Pink 


Tan 


orn- icuuw 


Green 


Green 


Greco 


Green 


Absent 


Absent. 


Absent 


Absent 


Pink 


Tan 


Grn- Yellow 


Gin- Ye How 


J J 


1.3 


1.6 


3.4 


Upright 


Upright 


Pendant 


Upright 


J 5.6 


13.9 


36.4 


36.3 


Semi-conical 


Semi-conical 


Semi-conical 


Semi-conical 


3.8 


4.2 


3.4 


3.6 


99.1 


336.3 


89.8 


93.3 


16.5 


34.8 


20.7 


34.9 


Shon 


Short 


Short 


Short 


3.4 


66 


3.9 


3.2 


Tight 


Intermediate 




Intermediate 


Green 


Ll Green 


Green 


Li Green 


Buff 


Buff 


Buff 


Buff 


2.5 


2.6 


3.7 


2.3 


Red 


Red 


Red 


Red 


85.3 


83.4 


85.8 


85.0 


34.0 


34.7 


123 


35.3 


33.4 


253 


32.2 


33.2 


Curved 


Curved 


Curved 


Curved 


Dent 


Dent 


Dent 


Dent 


Yellow 


Yellow 


Yellow 


Lemon 






Yellow 


Yellow 


Deep Yellow Orange 


Orange 


30.2 


30.7 


9.2 


9.6 


8.3 


ai 


73 


7.3 


43 


4.3 


A2 


3.8 


. 2813 


280.7 


223.8 


373.7 


Normal 


Normal 


Norma) 


Normal 


Yellow 


Yellow 


Yellow 


Yellow 



-These are typical values. Values may vary due to environment Other va uo that -re 
!efe« to quantnative traits that when compared do not show statical difference* of iheu 
means. jq 

herein at Table 5. Additional informaiion for ihis inbred corn 
plant is presented in co-pending U.S. patent application Ser. 
No. 08/795,403, filed Feb. 5, 1997, the disclosure of which 
application is specifically incorporated herein by reference. 



IV ADDITIONAL INBRED CORN PLANTS 

Tbe inbred corn plant 171KJ3 has been employed with the 
corn plant of the present invention in order to produce an 
exemplary hybrid. A description of the physiological and 
morphological characteristics of this com plant is presented 



TABLE 5 



MORPHOLOGICAL TRAITS FOR 
THE 373KI3 PHENOTYPE 



CHARACTERISTIC 37KJ3 



03CS12 



031BH2 



3IIH6 



3. STALK 

Diameter (width) 
cm. 



2.2 



2.4 



2.3 



23 
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TABLE 5-continued 



MORPHOLOGICAL TRAITS FOR 
THE 373KI3 PHENOTYPE 



CHAKA^ 1 tMo i IV. 


37IKJ? 


01CS12 


01IBH2 


311 H6 


Anthocyentn 


Absent 


Absent 


Absent 


Absent 


Nodes Wiih Brae* 


0.9 


3.8 


3.3 


0.7 


Roots 










Bract Root Coloi 


Giccn 


Green 


Green 


— 


Intcmode Direction 


Straight 


Straight 


Straight 


Straight 


Intcmode Length 


35.9 


32.8 


14.4 


33.3 


cm. 
LEAF 










Coloi 


Med Green 


— 


Med Green 


Med Green 


Width cm. 


9.1 


8.9 




8.0 


Marp inol Woves 


Few 


Few 


Few 


Few 


TASSEL 










Length cm. 


42.6 


33.2 


33.6 


35.3 


Spike Length cm. 


22.9 


23.2 


23.1 


25.2 


Peduncle Length 


9.6 


3.9 


8.2 


7.6 


cm. 

Branch Number 


9.1 


7.4 


7.8 


32.9 


AnthCT Color 


Purple 


Gro- Yellow 


Gro- Ye How 


— 


Glume Color 


Purple 


Green 


Greco 




Glume Band 


Present 


Absent 


Absent 


Absent 


EAR 


Pink 


Pink 


'. 


Red 


Silk Color 


1.0 


3.0 


1.0 


3.4 


Number Per Stalk 


Upright 






Upright 


Pn<iiir»Ti ('altitude) 


14.6 


16.0 


14.6 


35.6 


Length cm. 


Semi-con t'ca I 


Semi-conical 


Semi -conical 


Semi-conical 


Shape 


4.0 


3.8 


4.0 


3.9 


Diameter cm. 


104.9 


100.6 


303.2 


107.6 


weigni gm- 


10.5 


14.1 


10.3 


9.6 


CL-nV I » n o i h cm 


Short 


Short 


Short 


Short 


Husk Bract 


6.4 


2.5 


4.4 


3.7 


Husk Cover cm. 


Green 


Green 


Green 


Green 


Huik Color Fre*h 


Buff 


Buff 


Buff 


Buff 


Husk Color Dry 


23 


Z4 


23 


2.3 


Cob Diameter cm. 


Red 




Red 


Red 


Cob Color 


87.7 


80.6 


89.0 


83.3 


Shelling Percent 








35.3 


KERNEL 


14.6 


34.8 


36J 


Row Number 


32.1 


27.1 


293 


29.7 


Number Per Row 


Curved 


Curved 


Curved 


Curved 


Row Direction 


Dent 




Dent 




Type 


Yellow 


Yellow 


Yellow 


Yellow 


Cap Color 


Deep Yellow 




Orange 




Side Color 


JJJ 


9.4 


J0.9 


30.3 


Length (depth) mm. 


7J8 


8.0 


7.4 


7.8 


Width mm. 


3S 


5.2 


4.4 


4.2 


Thickness 


269.0 


25X4 


233.0 


247.8 


Weight of 3000K 


Normal 


Normal 


Normal 


Normal 


gm. 

Endosperm Type 


Yellow 


Yellow 


Yellow 


Yellow 


Endosperm Color 











-These are typical values, 'values may vary due lo environment- Other values that ate 
substantially equivalent are also within the scope of the invention. Substantially equivalent 
refers to quantitative traits that when compared do not show statistical differences of their 
means. 

V. SINGLE GENE CONVERSIONS desired characteristic is termed tbe nonrecurrent or donor 

When the term inbred corn plant is used in tbe context of parent. This terminology refers to tbe fact that ibe nonre- 
the present invention, this also includes any single gene 55 current parent is used one time in tbe backcross protocol and 
conversions of that inbred. The term single gene converted . therefore does not recur. The parental corn plant to which the 
plant as used herein refers to those corn plants which are gene or genes from the nonrecurrent parent are transferred is 
developed by a plant breeding technique called backcrossing known as the recurrent parent as it is used for several rounds 
wherein essentially all of tbe desired morphological and in the backcrossing protocol (Poeblman & Sleper, 1994; 
physiological characteristics of an inbred are recovered in 60 Fehr, 1987). In a typical backcross protocol, tbe original 
addition to tbe single gene transferred into tbe inbred via the inbred of interest (recurrent parent) is crossed to a second 
backcrossing technique. Backcrossing methods can be used inbred (nonrecurrent parent) that carries the single gene of 
with tbe present invention to improve or introduce a char- interest to be transferred. Tbe resulting progeny from this 
actcristic into tbe inbred. The term backcrossing as used cross are then crossed again to tbe recurrent parent and the 
herein refers to the repeated crossing of a hybrid progeny 65 process is repeated until a com plant is obtained wherein 
back to one of the parental corn plants for that inbred. Tbe essentially all of the desired morphological and physiologi- 
parental com plant which contributes tbe gene for tbe cal characteristics of tbe recurrent parent are recovered in the 
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converted plant, in addition to the single transferred gene Hawaii Nurseries Planting Dale Jul. 35, 1992 S-O was 

from the nonrecurrent parent. grown and plants were back crossed times 85DGD1 

The selection of a suitable recurrent parent is an important (rows 444* 443) 

step for a successful backcrossing procedure. Tbe goal of a Hawaii Nurseries Planting Date Bulked seed of the BCl 

backcross protocol is to alter or substitute a single trait or 5 was grown and Nov. 18, 1992 backcrossed times 

characteristic in tbe original inbred. To accomplish this, a 85DGD1 (rows V3-27' V3-26) 

single gene of the recurrent inbred is modified or substituted Hawaii Nurseries Planting Dale Apr. 2, 1993 Bulked seed 

with the desired gene from the nonrecurrent parent, while of the BC2 was gown and backcrossed times 85DGD] 

retaining essentially all of tbe rest of the desired genetic, and (rows 37* 36) 

therefore the desired phvsiological and morphological, con- 10 Hawaii Nurseries Planting Dale Jul. 14, 3993 Bulked seed 

stitution of the original 'inbred. Tbe choice of the particular of the BC3 was grown and backcrossed limes 85DGD1 

nonrecurrent parent will depend on the purpose of the (rows 99* 98) 

backcross, one of the major purposes is to add some com- Hawaii Nurseries Planting Date Bulked seed of BC4 was 

mercially desirable, agronomically important trait to the grown and backcrossed Oct. 28, 1993 times 85DGD1 

plant. The exact backcrossing protocol will depend on the 35 ( rows KS-63* KS-62) 

characteristic or trail being altered to determine an appro- Summer 1994 A single car of the BC5 was grown ami 

priate testing protocol. Although backcrossing methods are backcrossed limes 85DGD1 (MC94-822* MC94-822-7) 

simplified when Ihe characteristic being transferred is a Winter 1994 Bulked seed of tbe BC6 was grown and 

dominant allele, a recessive allele may also be transferred. In backcrossed limes 85DGD1 (3Q-1* 30-2) 

this instance it may be necessary to introduce a lest of the 20 Summer 1995 Seed of the BC7 was bulked and named 

progenv to determine if the desired characteristic has been 85DGD1 MLms. 

successfully transferred. VII. TISSUE CULTURE AND IN VITRO REGENERA- 

Many single gene trails have been identified Ibat arc nol TION OF CORN PLANTS 

regularly selected for in the development of a new inbred but A further aspect of the invention relates to tissue culture 

thai can be improved by backcrossing techniques. Single 25 of corn plants designated 87D1A4. As used herein, the lerm 

gene traits may or may not be transgenic, examples of these "tissue culture'* indicates a composition comprising isolated 

trails include but arc nol limited to, male sterflily, waxy cells of tbe same or a different type or a collection of such 

starch, herbicide resistance, resistance for bacterial, fungal, cells organized into parls of a plant. Exemplary lypes of 

or viral disease, insect resistance, male fertility, enhanced tissue cultures arc protoplasts, calli, plant clumps, and plant 

nutritional quality, industrial usage, yield stability and yield 30 cells that are inlacl in planls or parts of plants, such as 

enhancement. These genes are generally inherited through embryos, pollen, flowers, kernels, ears, cobs, leaves, husks, 

the nucleus. Some known exceptions to this are the genes for stalks, roots, root tips, anthers, silk and the like. In it 

male sterility, some of which are inherited cytoplasmically, preferred embodiment, tissue culture is embryos, proioplast, 

but still act as single gene traits. Several of these single gene merisiematic cells, pollen, leaves or ambers. Means for 

traits are described in U.S. Ser. No. 07/113,561, filed Aug. 35 preparing and maintaining plant tissue culture are well 

25, 1993, the disclosure of which is specifically hereby known in ihe art. By way of example, a tissue culture 

incorporated by reference. comprising organs such as tassels or anthers, has been used 

Direct selection may be applied where the single gene acts to produce rcgeneraied planls. (See, U.S. patent applications 

as a dominant trail. An example might be Ihe herbicide Ser. No. 07/992,637, filed Dec. 18, 1992 and 07/995,938, 

resistance trait. For this selection process, the progeny of the 40 filed Dec. 21, 1992, now issued as U.S. Pal. No. 5 322,789, 

initial cross are sprayed with the herbicide prior to the issued Jun. 21, 1994, the disclosures of which are incorpo- 

backcrossing. The spraying eliminates any plants which do rated herein by reference), 

not have tbe desired herbicide resistance characteristic, and Vlll. TASSEL/ANTHER CULTURE 

only those planls which have the herbicide resistance gene Tassels contain anthers which in lurn enclose 

arc used in the subsequent backcross. This process is Iben 45 microspores. Microspores develop into pollen. For anther/ 

repeated for all additional backcross generations. microspore culture, if tassels are tbe plant composition., they 

The waxy characteristic is an example of a recessive trail. are preferably selected at a stage when tbe microspores are 
Id this example, tbe progeny resulting from ibe firsl back- uninucleate, thai is, include only one, rather than 2 or 3 
cross generation (BCl) must be grown and selfed. A test is nuclei. Methods 10 determine tbe correct stage are well 
then run on the selfed seed from the BCl plant to determine 50 known 10 those killed in tbe art and include mitramycin 
which BCl plants carried the recessive gene for tbe waxy fluorescent staining (Pace cl al., 1987), trypan blue 
ir ail. In other recessive trails, additional progeny testing, for (preferred) and acetocarrnine squashing. The mid- 
example growing additional generations such as tbe BCl SI uninucleate microspore stage has been found to be ihe 
may be required to determine which planls carry the reces- developmental stage roost responsive to the subsequent 
sive gene. 55 methods disclosed to ultimately produce planls. 
VI. ORIGIN AND BREEDING HISTORY OF AN EXEM- Although microspore-containing plant organs such as 
PLARY SINGLE GENE CONVERTED PLANT lassels can generally be preircaled at any cold temperature 

85DGD1 MLms is a single gene conversion of 85DGD1 below about 25° C, a range of 4 to 25 p C. is preferred, and 
10 cytoplasmic male sterility. 85DGD1 MLms was derived a range of 8 to 14° C. is particularly preferred. Although 
using backcross methods. 85DGD1 (a proprietary inbred of 60 other temperatures yield cmbryoids and regenerated plants, 
DEKALB Genetics Corporation) was used as the recurrent cold tempera lures produce optimum response rales corn- 
parent and MLms, a germplasm source carrying ML cyto- pared 10 pretreaimcni at temperatures ouisidc tbe preferred 
plasraic sterility, was used as the nonrecurrent parent. Tbe range. Response rale is measured as eilher the number of 
breeding history of tbe single gene converted inbred embryoids or the number of regenerated plants per number 
85DGD1 MLms can be summarized as follows: 65 of microspores initiated in culture. 

Hawaii Nurseries Planting Date Apr. 2, 1992 Made up Although not required, when lassels are employed as the 

S-O: Female row 585 male row 500 plant organ, it is generally preferred to sterilize their surface. 
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Following surface sterilization of the tassels, for example, 
with a solution of calcium bypochloride, the anthers are 
removed from about 70 to 150 spike lets (small portions of 
the tassels) and placed in a preculture or pretreatmeni 
medium. Larger or smaller amounts can be used depending 
on the number of ambers. 

When one elects to employ tassels directly, tassels arc 
preferably pretreated at a cold temperature for a predefined 
time, preferably at 10° C for about 4 days. After prelreat- 
ment of a whole tassel at a cold temperature, dissected 
anthers are further pretreated in an environment that diverts 
microspores from their developmental pathway. The func- 
tion of the preculture medium is to switch the developmental 
program from one of pollen development that of embryoid/ 
callus development. An embodiment of such an environment 
in the form of a preculture medium includes a sugar alcohol, 
for example mannilol or sorbitol, inositol or the like. An 
exemplary synergistic combination is the use of mannitol at 
a temperature of about 10° C. for a period ranging from 
about 10 to 14 days. In a preferred embodiment, 3 ml of 0.3 
M mannitol combined with 50 mg/1 of ascorbic add, silver 
nitrate and colchicine is used for incubation of anthers at 10* 
C. for between 10 and 14 days. Another embodiment is to 
substitute sorbitol for mannitol. The colchicine produces 
chromosome doubling at this early stage. The chromosome 
doubling agent is preferably only present at the preculture 
stage. 

It is believed that the mannilol or other similar carbon 
structure or environmental stress induces starvation and 
functions to force microspores to focus their energies on 
entering developmental stages. The cells are unable to use, 
for example, mannitol as a carbon source at ibis stage, ll is 
believed that these treatments confuse the cells causing them 
to develop as embryoids and plants from microspores. 
Dramatic increases in development from these haploid cells, 
as high as 25 embryoids in 10* microspores, have resulted 
from using these methods. 

In embodiments where microspores are obtained from 
anthers, microspores can be released from tbe anthers into an 
isolation medium following tbe mannitol preculture step. 
One method of release is by disruption of tbe anthers, for 
example, by chopping the anthers into pieces with a sharp 
instrument, such as a razor blade, scalpel or Waring blender. 
The resulting mixture of released microspores, antber frag- 
ments and isolation medium are then passed through a filter 
to separate microspores from anther wall fragments. An 
embodiment of a filter is a mesh, more specifically, a nylon 
mesh of about 112 mm pore size. The filtrate which results 
from filtering the microspore-con t a ining solution is prefer- 
ably relatively free of antber fragments, cell walls and other 
debris. 

In a preferred embodiment, isolation of microspores is 
accomplished at a temperature below about 25° C. and, 
preferably at a temperature of less than about 15° C. 
Preferably, the isolation media, dispersing tool (e.g., razor 
blade) funnels, centrifuge rubes and dispersing container 
(e.g., pctri dish) are all maintained at the reduced tempera- 
ture during isolation. The use of a precooled dispersing tool 
to isolate maize microspores has been reported (Gaillard el 
al., 1991). 

Where appropriate and desired, the antber filtrate is tben 
washed several tiroes in isolation medium. Tbe purpose of 
the washing and centrifugation is to eliminate any toxic 
compounds which are contained in the non-microspore part 
of tbe filtrate and are created by the chopping process. The 
centrifugation is usually done at decreasing spin speeds, for 
example, 1000, 750, and finally 500 rpms. 
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Tbe result of the foregoing steps is the preparation of a 
relatively pure tissue culture suspension of microspores that 
are relatively free of debris. and anther remnants. 

To isolate microspores, an isolation media is preferred. An 

5 isolation media is used to separate microspores from the 
anther walls while maintaining their viability and embryo- 
genie potential. An illustrative embodiment of an isolation 
media includes a 6 percent sucrose or maltose solution 
combined with an antioxidant such as 50 mg/l of ascorbic 

jq acid, 0.1 mg/l biotin and 400 mg/1 of proline, combined wiih 
10 mg/l of nicotinic acid and 03 mg/l AgN0 3 . In another 
embodiment, the biotin and proline arc omitted. 

An isolation media preferably has a higher antioxidant 
level where used tojsolate microspores from a donor plant 
(a plant from which a plant composition containing a 

15 microspore is obtained) that is field grown in contrast to 
greenhouse grown. A preferred level of ascorbic acid in an 
isolation medium is from about 50 mg/l to about 125 mg/l 

. and, more preferably from about 50 mg/l to about 100 mg/l. 
One can find particular benefit in employing a support for 

20 the microspores during culturing and subculturing. Any 
support that maintains the cells near the surface can be used. 
The microspore suspension is layered onto a support, for 
example by pipetting. There are several types of supports 
which are suitable and are within the scope of the invention. 

25 An illustrative embodiment of a solid support is a TRAN- 
SWELL® culture dish. Another embodiment of a solid 
support for development of the microspores is a bi layer plate 
wherein liquid media is on lop of a solid base. Other 
embodiments include a mesh or a milliporc filter. Preferably. 

30 a solid support is a nylon mesh in the shape of a raft. A raft 
is defined as an approximately circular support material 
which is capable of floating slightly above the bottom of a 
tissue culture vessel, for example, a pctri dish, of about a 60 
or 100 mm size, although any other laboratory tissue culture 

35 vessel will suffice. In an illustrative embodiment, a raft is 
about 55 mm in diameter. 

Culturing isolated microspores on a solid support, for 
example, on a 10 mm pore nylon raft floating on 2.2 ml of 
medium in a 60 mm peiri dish, prevents microspores from 

40 sinking into the liquid medium and thus avoiding low 
oxygen tension. These types of cell supports enable the 
serial transfer of the nylon raft with its associated 
microsporc/embryoids ultimately to full strength medium 
containing activated charcoal and solidified witb, for 

45 example, GELR1TE™ (solidifying agent). The charcoal is 
believed to absorb toxic wastes and intermediaries. The solid 
medium allows embryoids to mature. 

The liquid medium passes through the mesh while the 
microspores are retained and supported al tbe medium-air 

50 interface. Tbe surface tension of tbe liquid medium in the 
petri dish causes tbe raft to float. The liquid is able to pass 
through the mesh: consequently, tbe microspores stay on 
lop. The mesh remains on top of the total volume of liquid 
medium. An advantage of the raft is to permit diffusion of 

55 nutrients to the microspores. Use of a raft also permits 
transfer of the microspores from disb lo disb during subse- 
quent subculture with minimal loss, disruption or distur- 
bance of tbe induced embryoids thai are developing. The 
rafts represent an advantage over the mulli-wclled TRAN- 

60 SWELL® plates, which are commercially available from 
COSTAR, in that the commercial plates arc expensive. 
Another disadvantage of these plates is that to achieve the 
serial transfer of microspores to subsequent media, ihe 
membrane support witb cells must be peeled off tbe insert in 

65 the wells. This procedure does nol produce as good a yield 
nor as efficient transfers, as when a mesh is used as a vehicle 
for cell transfer. 
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The culture vessels can be further defined as either (1) a the TRANSWELL® membrane or bilayer plates, each one 
hilaver 60 mm petri plate wherein the bottom 2 ml of requiring the movement of developing embryoids to permit 
medium are solidified with 0.7 percent agarose, overlaid further development into physiologically more mature struc 
with 1 mm of liquid containing the microspores; (2) a nylon lures. 

m«h raft wherein a wafer of nylon is floated on 1.2 ml of 5 In an espeaally preferred embodiment, microspores are 
medium and 1 ml of isolated microspores is pipetted on top; isolated in an isolation media comprising about 6 percent 
or f31 TRANSWELL® plates wherein isolated microspores maltose, cultured for about two weeks in an embryoid/call. 
are nioetted onto membrane inserts which support the induction medium comprising about 12 percent maltose and 
microsVotes at the surface of 2 ml of medium. then transferred to a solid medium composing about 12 

After the microspores have been isolated, they are cul- 10 percent sucrose. 
,,„ed in a low strength anther culture medium until about the At the point of transfer of the raft after abouttwo weeks 

SO cell staee when they are subcullured onto an cmbryoid/ incubation, embryoids exist on a nylon support. The purpose 
callus maturation medium. Medium is defined a. this stage of transferring the raft with the embryoids to a solidified 
as anv combination of nutrients that permit the microspores medium after the incubation is to facilitate embryo malura- 
» develop into embryoids or callus. Many examples of is lion. Mature embryoids at this point are selected by v.sua 
liable embryoid/callus promoting media are well known to inspection indicated by zygotic embryo-like dimensions and 
.hr>« skilled in the art These media will typically comprise structures and are transferred to the shoot initiation medium, 
mineral salts a carbon source, vitamins, growth regulations. It is preferred that shoots develop before roots, or that shoots 
? S ¥ ng agent is optional. A preferred embodiment of and roots develop concurrently. If roots develop before 
such a media is referred to by the inventor as the "D 20 shoots, plant regeneration can be impaired. To produce 
medium" which typically includes 6N1 sails, AgNO, and solidified media, the bottom of a petn dish of approximately 
altose J00 mm is covered with about 30 ml of 0.2 percent GEL- 

S Tn° S an° r muMrative embodiment, 1 ml of isolated RITE™ (solidifying agent) solidified medium. A sequence 
microspores are pipetted onto a 10 mm nylon raft and the of regeneration media are used for whole plant formation 
raft is floated on 1 .2 ml of medium "D", containing sucrose 25 from the embryoids. 

™ preferably maltose. Both calli and embryoids can During the regenerate process, individual embryoids are 

dlveloo Calli are undifferentiated aggregates of cells. Type induced to form plantlets. The number of diflerent media ir, 
I is a relatively compact, organized and slow growing callus. ihe sequence can vary depending on the specific protocol 
TW 11 is a soft friable and fast-growing one. Embryoids are used. Finally, a rooting medium is used as a prelude to 
X'Yt ' exhibiting some embryo-like structures. The 30 transplanting to soil. When plantlets reach a height of about 
embryoids are preferred for subsequent steps .o regenerate 5 cm, they are then transferred ro pots for further growth into 
ohms Culture medium "D" is an embodiment of medium flowering plants in a greenhouse by methods well known lo 
ibal follows Ibe isolation medium and replaces it. Medium those skilled in Ihe art. 

•TV momoies growth to an embrvoid/callus. This medium Plants have been produced from isolated microspore 

^nrnnrises 6N1 salts at 'A the strength of a basic stock 35 cultures by methods disclosed herein, including self- 
sohXn (major components) and minor components, plus pollinaled plants. The rale of embryoid induction was much 
r? ™,«n. sucrose or, preferably 12 percent maltose, 0.1 higher with the synergistic p.ccul.ure treatment consisting of 
rnort ltl 05 mg/1 nicotinic acid, 400 mg/1 proline and 05 a combination of stress factors, including a carbon source 
mffl silver nirrfte. Silver nitrate is believed to act as an which can be capable of inducing starvation, a cold lem- 
^-biior to the action of ethylene. Multi-cellular slruciurcs «0 peraiure and colchicine, than has previously been reported. 
«f approximately 50 cells each generally arise during a An illustrative embodiment of Ihe synergistic combination 
™,? n d of 12 days to 3 weeks. Serial transfer after a two week of treatments leading to the dramatically improved response 
• h ion period is preferred ' a,t compared lo prior methods, is a temperature of about 

,D After Ihe petri dish has been incubated for an appropriate 10° C mannitol as a carbon source, and 0.05 percent 
neriod of time, preferably two weeks, in the dark at a AS colchicine. 

Ledefincd temperature, a raft bearing Ibe dividing The inclusion of ascorbic acid, an anti-oxidant, in the 
m^porcs is transferred serially to solid based media isolation medium is preferred for maintaining good 
which promotes embryo maturation. In an illustrative microspore viability. However, there seems to be no advan- 
r mb odiment the incubation temperature is 30' C. and the tage to including mineral sails in the isolation medium. The 
™sh raft supporting .be embryoids is transferred to a 100 50 osmotic potential of the isolation medium was mamtamed 
mm petri dish containing tbe 6N1-TGR^IP medium, an optimally with about 6 percent sucrose, although a range of 
£n.r£ culture medium." This medium contains 6N1 salts, 2 percent to 12 percent is wrthin Ibe scope of this invention, 
suppfemented with 0.1 mg/1 TIBA, 12 percent sugar In an embodiment of the embryoid/caUus organizing 
So« maltose or a combination thereof), 0.5 percent media, mineral salts concentration in IMC Culture Media 
B charcoal, 400 mg/1 proline, OS mg/1 B, 05 mg/1 55 "D" is (%x) ihe^ncentra.ion which is used also ,n anther 
nfrot „k acid and 0 2 percent GELR1TE™ (solidifying culture medium. The 6N1 salts major components have been 
S and is capable of promoting the maturation of the modified to remove ammonium nitrogen. Osmouc potential 
ageni; aou y r . & fc j embryoids in Ibe culture medium is maintained with about 12 percent 

Thooi meristem formation without precocious germination 60 was included in the medmm to modify ethylene activ,,y.TT,e 
l«e Sly obtained with the transfer to fuU strength preculture media is further characterized by having a pH of 
were typic / r esuliin e from continuous cul- about 5.7 to 6.0. Silver nitrate and vitamins do not appear to 
ZZS&X ^J^U^os^ culture be crucial to this medium bu, do improve the efficiency of 
HMO Medium "D." Tbe maturation process permits the the response 

pollen embryoids to develop further in route toward tbe 65 Whole anther cultures can also be used in the production 
Smual ^generation of plank Serial transfer occurs lo full of monoco.yledonous plants from a plan, culture system 
^Sed 6N1 medium using either the nylon raft. There are some basic similarities of anther culture methods 
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and microspore culture methods with regard to the media 
used. A difference from isolated microspore cultures is that 
undisrupted anthers are cultured, so thai a support, eg., a 
nylon mesh support, is not needed. The first step in devel- 
oping the anther cultures is to incubate tassels al a cold 
temperature. A cold temperature is defined as less than about 
25 c C. More specifically, the incubation of the tassels is 
preferably performed at about 30° C. A range of 8 to 14° C. 
is also within the scope of the invention. The anthers arc then 
dissected from the tassels, preferably after surface steriliza- 
tion using forceps, and placed on solidified medium. An 
example of such a medium is designated by the inventors as 
6N1-TGR-P4. 

The anthers are then treated with environmental condi- 
tions that area combinations of stresses that are capable of 
diverting microspores from gametogenesis to embryogen- 
esisi ll is believed thai the stress effect of sugar alcohols in 
the preculture medium, for example, mannitol, is produced 
by inducing starvation at the predefined temperature. In one 
embodiment, the incubation pretreatment is for about 14 
days at 10° C It was found that treating the anthers in 
addition with a carbon structure, an illustrative embodiment 
being a sugar alcohol, preferably, mannitol, produces dra- 
matically higher anther culture response rates as measured 
by the number of eventually regenerated plants, than by 
treatment with either cold treatment or mannitol alone. 
These results are particularly surprising in light of teachings 
that cold is better than mannitol for these purposes, and that 
warmer temperatures interact with mannitol better. 

To incubate the anthers, tbey are floated on a preculture 
medium which diverts the microspores from gametogenesis, 
preferably on a mannitol carbon structure,, more 
specifically, 0.3 M of mannitol plus 50 mg/1 of ascorbic acid. 
3 ml is about the total amount in a dish, for example, a tissue 
culture dish, more specifically, a 60 mm petri dish. Anthers 
are isolated from about 120 spike lets for one dish yields 
about 360 anthers. 

Chromosome doubling agents can be used in the precul- 
ture media for anther cultures. Several techniques for dou- 
bling chromosome number (Jensen, 1974; Wan el al., 1989) 
have been described. Colchicine is one of the doubling 
agents. However, developmental abnormalities arising from 
in vitro cloning are further enhanced by colchicine 
treatments, and previous reports indicated that colchicine is 
toxic to microspores. The addition of colchicine in increas- 
ing concentrations during mannitol pretreatment prior to 
anther culture and microspore culture has achieved 
improved percentages. 

An illustrative embodiment of the combination of a 
chromosome doubling agent and preculture medium is one 
which contains colchicine. In a specific embodiment, the 
colchicine level is preferably about 0.05 percent. The 
anthers remain in tbc mannitol preculture medium with the 
additives for aboul 1 0 days al 1 0° C. Anthers are then placed 
on maturation media, for example, thai designated 6N1- 
TGR-P4, for 3 to 6 weeks to induce embryoids. If the plants 
arc lo be regenerated from ihe embryoids, shoot regeneration 
medium is employed, as in the isolated microspore proce- 
dure described in ihe previous sections. Other regeneration 
media can be used sequentially to complete regeneration of 
whole plants. 

The anthers are then exposed to embryoid/callus promot- 
ing medium, for example, thai designated 6N1-TGR-P4 to 
obtain callus or embryoids. Tbc embryoids are recognized 
by identification visually of embryonic-lDce structures. Al 
this stage, the embryoids are transferred serially lo a series 
of regeneration media. In an illustrative embodiment, :be 



.6,145 

26 

shoot initiation medium comprises BAP (6-benzyl-amino- 
purine) and NAA (naphthalene acetic add). Regeneration 
protocols for isolated microspore cultures and anther cul- 
tures are similar. 

5 IX. OTHER CULTURES AND REGENERATION 

The present invention contemplates a corn plant regener- 
ated from a tissue culture of an inbred (e.g., 87DIA4) or 
hybrid plant (e.g., 4033843) of the present invention. As is 
well known in the art, tissue culture of corn can be used for 

30 the in vitro regeneration of a com plant. By way of example, 
a process of tissue culiuring and regeneration of corn is 
described in European Patent Application, publication 160, 
390, the disclosure of which is incorporated by reference. 
Com tissue culture procedures arc also described in Green & 

35 Rhodes (1982) and Duncan et al., (1985). The study by 
Duncan el al. (1985) indicates that 97 percent of cultured 
plants produced calli capable of regenerating plants. Subse- 
quent studies have shown thai both inbreds and hybrids 
produced 91 percent regenerable calti that produced plants. 

20 Other studies indicate thai non-traditional tissues are 
capable of producing somatic embryogenesis and plant 
regeneration. See, e.g., Songstad el al. (1988); Rao el al. 
(1986); and Conger et al. (1987), the disclosures of which 
are incorporated herein by reference. Regenerable cultures 

25 may be initialed from immature embryos as described in 
PCT publication WO 95/06128, the disclosure of which is 
incorporated herein by reference. 

Briefly, by way of example, lo regenerate a plant of this 
invention, cells are selected following growih in culture. 

30 Where employed, cultured cells are preferably grown either 
on solid supports or in the form of liquid suspensions as set 
forth above. In either instance, nutrients are provided to the 
cells in the form of media, and environmental conditions are 
controlled. There are many types of tissue culture media 

35 comprising amino acids, salts, sugars, hormones and vita- 
mins. Most of the media employed lo regenerate inbred and 
hybrid plants have some similar components, ihe media 
differ in the composition and proportions of their ingredients 
depending on the particular application envisioned. For 

40 example, various cell types usually grow in more than one 
type of media, but exhibit different growth rates and differ- 
ent morphologies, depending on the growth media. In some 
media, cells survive bul do not divide. Various types of 
media suitable for culture of plant cells have been previously 

45 described and discussed above. 

An exemplary embodiment for cu I luring recipient com 
cells in suspension cultures includes using embryogenic 
cells in Type II (Armstrong & Green, 1 985; (Gordon-Kamm 
et al., 1990) callus, selecting for small (10 to 30 m) 

50 isodiametric, cytoplasmkally dense cells, growing the cells 
in suspension cultures with hormone containing media, 
subculturing into a progression of media to facilitate devel- 
opment of shoots and roots, and finally, hardening ihe plant 
and readying il metabolically for growth in soil. 

55 Meristcmatic cells (i.e., plant cells capable of continual 
cell division and characterized by an undifferentiated cyto- 
logical appearance, normally found al growing points or 
tissues in plants sucb as root tips, stem apices, lateral buds, 
etc.) can be cultured. 

60 Embryogenic calli are produced essentially as described 
in PCT Pubbcation WO 95/06128. Specifically, inbred 
plants or plants from hybrids produced from crossing an 
inbred of the present invention with another inbred are 
grown to flowering in a greenhouse. Explants from al least 

65 one of the following F 3 tissues: the immature tassel tissue, 
intercalary meristems and leaf bases, apical meristems, 
immature ears and immature embryos are placed in an 
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iniiiaiion medium which contain MS sails, supplemented Corn plants (Zeo mays L ) can be crossed by either natural 

with thiamine, agar, and sucrose. Cultures are iDcubated in or mechanical techniques. Natural pollination occurs in corn 

the dark at about 23° C AJ1 culture manipulations and when wind blows pollen from the tassels to the silks that 

selections are performed with the aid of a i dissecting micro- protrude fiom the tops of the incipient ears. Mechanical 

scope. 5 pollination can be effected either by controlling the types of 

After about 5 to 7 days, cellular outgrowihs are observed pollen that can blow onto the sillcs or by pollinating by hand, 

from the surface of the cxplants. After about 7 to 21 days, the In a preferred embodiment, crossing comprises ibe steps 

outerowtbs are subcultured by placing them into fresh of: 

medium of ibe same composition. Some of the intact imma- ( a ) planting in pollinating proximity seeds of a first and a 

ture embryo cxplants are placed on fresh medium. Several JO second parent corn plant, and preferably, seeds of a firsi 

subcultures later (after about 2 to 3 months) enough material inbred corn plant and a second, distinct inbred corn 

is present from cxplants for subdivision of these embryo- plant; 

genie calli into two or more pieces. (b) cu]l i V aiing or growing the seeds of the first and second 

Callus pieces from different explants are not mixed. After cojn p|ams ^ ]ams |ha| ^ flowers; 

further erowth and subculture (about 6 months after embryo- 35 . . a c . ■ 

luiiiicifciu ' (c) emasculating flowers of either the first or second 

penic callus initiation), there are usually between 1 and 300 w , i . - . u a 

^ j* * • , , » i » j i . • parent corn plant, i.e., treating the flowers so as to 

nieces derived ultimately from each selected explant. During 1 * , \. . 6 

pj ii j t- fc pjevent pollen production, in order lo produce an 

this time of culture expansion, a characteristic embryogenic emasculated parent corn plant; 

culture morphology develops as a result of careful selection r „. . 

at each subculrure. Any organized structures resembling 20 < d ) a »^v,ng natural cross-polli nation lo occur between 

roots or root primordia arc discarded. Material known from lhc firsl and sccond P arcnl corn P IanI » 

experience to lack the capacity for sustained growth is also (e) harvesting seeds produced on the emasculated parcnl 

discarded (translucent, watery, cmbryogenic structures). corn plant; and, where desired, 

Structures with a firm consistency resembling at least in pan (f) growing the harvested seed into a corn plant, or 

the scutelum of the in vivo embryo are selected. 25 preferably, a hybrid, corn plant. 

The callus is maintained on a gar -solidified MS or N6-type Parental plants arc planted in pollinating proximity to 

media. A preferred hormone is 2,4-D. A second preferred each other by planting the parental plants in alternating 

hormone is dicamba. Visual selection of embryo-like siruc- rows, in blocks or in any other convenient planting pattern, 

lures is done to obtain subcultures. Transfer of materia] other Plants of both parental parents arc cultivated and allowed to 

than that displaying embryogenic morphology results in loss 30 grow until the time of flowering. Advantageously, during 

of the ability to recover whole plants from the callus. this growth stage, plants arc in general treated with fertilizer 

Cell suspensions arc prepared from the calli by selecting and, or other agricultural chemicals as considered appropn- 

ccll populations that appear homogeneous macroscopically. ale by the grower. 

A portion of the friable, rapidly growing embryogenic calli At the time of flowering, in the event that plant 87D1A4, 

is inoculated into MS or N6 Medium containing 2,4-D or 35 is employed as the male parent, the tassels of the other 

dicamba. The calli in medium are incubated at about 27° C. parental plant are removed from all plants employed as the 

on a gyrotary shaker in the dark or in the presence of low female parental plant. The dctasseling can be achieved 

light. The resultant suspension culture is transferred about manually but also can be done by machine, if desired, 

once every three to seven days, preferably every three to The plants are then allowed to continue to grow and 

four days, by taking about 5 to 10 ml of the culture and 40 natural cross-pollination occurs as a result of the action of 

introducing this inoculum into fresh medium of the compo- wind, which is norma) in the pollination of grasses, includ- 

sition listed above. ing corn. As a result of the emasculation of the female parent 

For regeneration, embryos which appear on the callus plant, all the pollen from the male parent plant 87D1A4 is 

surface arc selected and regenerated into whole plants by available for pollination because tassels, and Ibcrcby pollen 

transferring the embryogenic structure, into a sequence of 45 bearing flowering parts, have been previously removed from 

solidified media which include decreasing concentrations of all plants of the inbred plant being used as the female in the 

2,4-D or other auxins. Other hormones which can be used in hybridization. Of course, during this hybridization 

culture media include dicamba, NAA, ABA, BAP, and procedure, the parental varieties are grown such thatthcy arc 

2-NCA. The reduction is relative to the concentration used isolated from other corn fields to minimize or prevent my 

in culture maintenance media. Plantlcts are regenerated from 50 accidental contamination of pollen from foreign sources, 

these embryos by transfer to a bormone-frcc medium, sub- These isolation techniques are well within the skill of those 

sequently transferred to soil, and grown to maturity. skilled in this art. 

Progeny arc produced by taking pollen and selfing, back- Both parental inbred plants of corn may be allowed to 

crossing or sibling regenerated plants by methods well continue lo grow until maturity or the male rows may be 

known to those skilled in the arts. Seeds are collected from 55 destroyed after flowering is complete. Only the ears from the 

the regenerated plants. female inbred parental plants are harvested to obtain seeds 

X. PROCESSES OF PREPARING CORN PLANTS AND of a novel F, hybrid. The novel F, hybrid seed produced can 

THE CORN PLANTS PRODUCED BY SUCH CROSSES then be planted in a subsequent growing season with the 

The present invention also provides a process of preparing desirable characteristics in terms of Fj hybrid corn plants 

a novel corn plant and a corn plant produced by such a 60 providing improved grain yields and the other desirable 

process. In accordance with such a process, a first parent characteristics disclosed herein, being achieved, 

corn plant is crossed with a second parent corn plant wherein Alternatively, in another embodiment, both first and sec- 

at least one of the firsl and second corn plants is the inbred ond parent corn plants can come from the same inbred corn 

corn plant 87D1A4. In one embodiment, a com plant pre- plant, i.e., from the inbred designated 87D1A4. Thus, any 

pared by such a process is a first generation F 2 hybrid corn 65 corn plant produced using a process of the present invention 

plant prepared by a process wherein both tbc firsl and second and inbred corn planl 87D1A4, is contemplated by this 

parent com plants are inbred com plants. invention. As used herein, crossing can mean selfing. 
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, t • B crossirj p l0 anoihci or ihc same inbred, cross- A selection index of ihe mosi i commercially impoium ua.ts 

b3 t C 'SSTS «h like. A3! corn planls produced is used to help evaluate hybrids. FACT, an acronym foi Field 

,D? o^cinMnb^ com plant 87DIA4 as a parent are Analysis Comparison Trial (strip trials), » an on-farm test- 

2 ; ope S this invent. ing program employed by DEKALB Plant Genetics to 

The utility of the inbred plant 87D1A4 also extends to 5 perform the final evaluation of the commercial potential ol 

rmssls^th other species. Commonly, suitable species will a product. 

be of the family Graminaccae, and especially of the genera Durin& the next several years, a progressive elimination 

Zea Tripsacum Coix, Schlerachne, Polytoca, Chionachne, ofhvbrids occurs based on more detailed evaluation of their 

and'Trilobachne, of the tribe Maydeae. Of these, Z*a and ph enotypc. Eventually, strip trials (FACT) arc conducted to 

Tripsacum, are most preferred. Potentially suitable for 30 forma )i y compare the experimental hybrids being developed 

crosses with 87DIA4 can be the various varieties of grain wi(h othw hybr i dS) SO mc of which were previously devel- 

sorghum. Sorghum bicolor (L.) Moench. opcd and generally are commercially successful. That is, 

A F HYBRID CORN PLANT AND SEED PRODUC- comparisons of experimental hybrids are made to compeii- 

*yjON live hybrids to determine if there was any advantage to 

Where the inbred com plant 87D1A4 is crossed with 35 ^ ^ commercial development of the experimental 

another different, corn inbred, a first generation (F a ) corn hybr jds. Examples of such comparisons are presented in 

hybrid plant is produced. Both a F 3 hybrid com plant and a ^ bcrcinbclow , 

seed of that F, hybrid com plant are contemplated as aspects Wbcn ^ inbrcd parcnlal planl 87 D)A4 is crossed with 

of the present invention. another inbred plant to yield a hybrid (such as the hybrid 

Inbred 87D1 A4 has been used to prepare an F 3 hybrid corn lhc origina i inb red can serve as either the mater- 

plant, designated 4033843. nal or paternal plant. For many crosses, the outcome is the 

The goal of a process of producing an F 3 hybrid is to ^ r ^ gard]css of lh e assigned sex of the parental plants, 

manipulate the genetic complement of com to generate new Howcver lhcrc ^ of , CD ODC 0 f the parental planls that is 

combinations of genes which interact to yield new, or ^ ^ |hc malcrnal plant because of increased seed 

improved traits (phenotypic characteristics) A process oi ^ ^ production characteristics. Some plants produce 

producing an F, hybrid typically begins with the Production . ]cadin XQ mon , oss< for cxamplc ^ c io 

of one or more inbred plants. Those plants are produced by ^ ^ ^ fa ^ formalion whic h dcleteri- 

repeated crossing of ancestrally related corn plants to iryand - ^ ^ rf rcpro(Juctivc cydc for a pair of 

concentrate certain genes within the inbrcd plants, Jfie ^ ^ characlcristics can bc prc ferable 

production of inbred 87DIA4 has been set forth herembe- - F ^ ^ poJJcn bc ^ by ORC pJam 0mcr 

fore. ^;,w*«eftf variables can also affect preferred sexual assignment ol a 

Corn has a diploid phase which means ««^*«« of ljcular aoss . 

a gene (two alleles) occupy each locus (position on a P mmaD COMPARISONS 
chromosome). If .be ^^Z£^°Z^ » K^S'I ^* are pro e ressive,y 

said io be homozygoaty. If ibey are differem ne e b saw following detailed evaluations of their 

,o be heterozygosity. In a «2&j££23£ , £ S^iSS* formal comparisons with other com- 

«««»^^^^*™^ u ^^ 8 ^h«d LrciaiVsuccessfulhybrids.S,rip.rialsare„sed,ocompare 

r C klmels weak and/o 7pU production of the, pbeno.ypcs of hybrids grown in as many environments 

vigor, less kernels, weaK 1 anwoi poo r g . y 40 ble . jhev are performed in many environments to 

iBbred i^V^^^^^^c- assL overall performance of the new hybrids and ,„ select 

some conditions, heterozygous g optimum crowine conditions. Because the com is grown in 

UV £««d^^^ «*- cCT-imityfenvi.onmental factors tha, affect gene 

Inbieedmg requires extremely unlikely expression, such as moisture, temperature, stinhght and 
^SSi!^^^^^ 45 ^."emimmiz^-ForadeciriontoberBadethatabybrid 

event inbreed ng rattier wn ' "J*™ j^Laine cannot be is worth making commercially available, it is not necessary 

ral com. achievement of '^J^^T^SS. * f thai the hybrid be better than all other hybrids. Rather, 

expected in nature f^jJ^^StJi significant improvements must be shown in a. leas, some, 

homozygosity and the f 0 °^ e Jeder traits that would create improvements in some niches, 

would have ■» »«* -J "f ££ ^^Sof of genes so Examples of such comparative data are sc. forth herein- 

,o create inbred plan^ K to have a «J « ? Mqw in P Table 6> wbicb presents a comparison of perfor- 

wbose gametic transmission is at least somewnal prea.c ^ foi |he bybfid 4033343. a hybrid made with 

^c development of inbred plants generally requires a, 87DIA4 as one pwnl. versus a selected hybrid of commcr- 

,east about 5 .0 7 generations of selling Inbred plams are «^ e ^44g ^ across years and 

2S tk ?T^cS.Xu. 10 .0 15 phenotypic traits. represents the number » d ^ Da,ed 

^^ected for their potenUal commercial value, are measured. tests a, locations around the United States. 



TABLE 6 



COMPARATIVE DATA FOR 4033843 

SI YLD MST STL RTL DRP FLCTO SV 
* C BU PTS ft * ft ft M RAT 



HYBRID KTEST 
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TABLE 6-continucd 



COMPARATIVE DATA FOR 4033843 



403384? 

DK44: 

DEV 


R 93 


1J0.3 
99.0 
13.3" 


J56.3 
147.7 
8.6" 


19.9 
I9.f 
OJ 


5.2 
7.1 
-1.9- 


J. 4 

5.2 
• -3.8"" 


OJ 10J.0 
OJ 300.9 
0.0 0.2 


4J 
4J 
-OJ 


HYBRID 


NTEST 


ELSTD 
% M 


PUT 
INCH 


EHT 
INCH 


BAR 
% 


SG TST 
RAT LBS 


FGDU 


ESTR 
DAYS 


4033843 

DK44; 

DEV 


R93 


104.4 
102.9 
1.5* 


89.8 
90.2 

-0.4 


40.9 
43.9 
-3.0-* 




5.0 54.2 
3.3 53.4 

3.8— as* 


1234.0 
3253.0 
- -36.9" 


94.0 
93.9 
OJ 



Significance lcvtls ait indicated is: 

4-30 ptfCCDL 
• - 5 pCTCCOL 

- 3 pcictnt. 
LEGEND ABBREVIATIONS: 
HYBD - Hybrid 
TEST - Reswch/FACT 
SI <7o C - Selection Index (percent of check) 
YLD BU - Yield (bushels/acre) 
MST FTS - Moisture 
STL "k - Stalk Lodging (peicenl) 
RTL % - Root Lodging (percent) 
DRP * - Diopped Ear* (percent) 
FLSTD % M - Final Stand (percent of lest mean) 
SV RAT - Seedling Vigor Rating 
ELSTD * M - Early Stand (percent of test mean) 
PUT INCH - Plant Height (inches) 
EHT INCH - Ear Height (inches) 
BAR * - Barren Plants (percent) 
SG RAT - Slay gi«n Rating 
TST LBS - Teat Weight (pounds) 
FGDU - GDUs to Shed 
ESTR DAYS - Estimated Relative Maturity 
(day*) 



As can be seen id Tabic 6, tbc hybrid 4033843 bas 35 
sigmficanily higher yield with comparable moisture content 
when compared to a successful commercial hybrid. Signifi- 
cant differences are also shown in Table 6 for maDy other 
traits. 

C PHYSICAL DESCRIPTION OF F 3 HYBRIDS 
The present invention also provides. F, hybrid corn plants 
derived from ibe com plant 87D1A4. Physical characteristics 
of exemplary hybrids arc set forth in Table 7, which con- 
cerns 4033843, which bas 87D1A4 as one inbred parent. An 
explanation of terms used in Table 7 can be found in the 
Definitions, set forth herein above. 



TABLE 7-continued 



TABLE 7 



MORPHOLOGICAL TRAITS FOR 
THE 4033843 PHENOTYPE 
YEAR OF DATA: 1996 



CHARACTERISTIC 



VALUE 



STALK 

Diameter (width) on 

Antbocyanin 

Nodes with Brace Roots 

Brace Root Color 

Imcrnodc Direction 

lnteroodc Length cm. 

LEAF 

Color 

Length cm. 
Width cm. 
Sheath Antbocyanin 
Sheath Pubescence 
Marginal Waves 
Longitudinal Crease* 



2.6 

Absent 

3.5 

Red 

Straight 
16.0 

Med Greco 

79.9 

10.7 



Medium 
Medium 
Few 



40 



45 



50 



55 



60 



65 



MORPHOLOGICAL TRAITS FOR 
THE 4033843 PHENOTYPE 
YEAR OF DATA: 1996 



CHARACTERISTIC 


VALUE 


TASSEL 




Attitude 


Compact 


Length cm. 


48.1 


Spike Length cm. 


27.4 


Pedunde Length cm. 


12.1 


Branch Number 


7.5 


Anther Color 


Red 


Glume Color 


Purple 


Glume Band 


Absent 


EAR 




Silk Color 


Tan 


Number Per Stalk 


3.1 


Position (attitude) 


Upright 


Length cm 


20,7 


Shape 


Semi- conical 


Diameter cm. 


4.7 


Weight gm. 


2223 


Shank Length cm. 


387 


Husk Bract 


Short. 


Husk Opening 


Open 


Husk Color Fresh 


Green 


Husk Color Dry 


Buff 


Cob Diameter cm. 


2.4 


Cob Color 


Red 


Shelling Percent 


886 


KERNEL 




Row Number 


15.4 


Number Per row 


42.6 


Row Direction 


Straight 


Type 


Dent 
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TABLE 7-continued 


MORPHOLOGICAL TRAITS FOB 


THE 4033843 PHENOTYPE 




YEAR OF DATA: 3996 




CHARACTERISTIC 


VALUE 


Op Coloi 

Side Coloi 

Length (depth) mm. 

Widlh mm. 

Thickness 

Weight of 1000K gm. 
Endosperm Type 
Endosperm Coloi 


Yellow 

Deep Yellow 

32.0 

7.9 

4.1 

3<n.o 

Normal 
Yellow 
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"These ere typical values. Values moy vory due to environment. Othei vnlues 
thel arc substantially equivalent ate also within the scope of the invention. 
Substantially equivalent lefeis to quantitative trails that when compared do 
not show statistical differences of their means. 
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XI. GENETIC COMPLEMENTS 

In another aspect, ihe present invention provides a genetic 
complement of a plant of this invention. In one embodiment, 
therefore, the presenJ invention contemplates an inbred 
genetic complement of the inbred corn plant designated 
87D1A4. In another embodiment, the present invention 
contemplates a hybrid genetic complement formed by the 25 
combination of a haploid genetic complement from 87D1 A4 
and another haploid genetic complement. Means for deter- 
mining a genetic complement are well-known in the art. 

As used herein, the phrase "genetic complement" means 
an aggregate of nucleotide sequences, the expression of 30 
which sequences defines the phenoiype of a corn plant or a 
cell or tissue of that plant. By way of example, a corn plant 
is genotyped to determine the anay of the inherited markers 
it possesses. Markers are alleles at a single locus. They are 
preferably inherited in codominant fashion so that the pres- 
ence of both alleles at a diploid locus is readily detectable, 
and thev are free of environmental variation, i.e., their 
heritability is 1. This genotyping is preferably performed on 
at least one generation of the descendant plant for which the 
numerical value of the quantitative trail or traits of interest 
arc also determined. The array of single locus genotypes is 
expressed as a profile of marker alleles, two at each locus. 
The marker allelic composition of each locus can be cither 
homozygous or heterozygous. Homozygosity is a condition 
where both alleles at a locus arc characterized by the same 
nucleotide sequence. Heterozygosity refers to different con- 
ditions of the gene at a locus. Markers that are used for 
purposes of this invention include restriction fragment 
length polymorphisms (RFLPs) and isozymes. 

A plant genetic complement can be defined by genetic 50 
marker profiles that can be considered "fingerprints'* of a 
genetic complement. For purposes of this invention, markers 
are preferably distributed evenly throughout the genome to 
increase the likelihood tbey will be near a quantitative trait 
loci (QTL) of interest (e.g., in tomatoes, Helentjaris et al., 55 
U.S. Pat. No. 5,385,835, Nienhuis el al., 1987). These 
profiles arc partial projections of a sample of genes. One of 
the uses of markers in general is to exclude, or alternatively 
include, potential parents as contributing to offspring. 

Phenotypic traits characl eristic of the expression of a 60 
genetic complement of this invention are distinguishable by 
electrophorclic separation of DNA sequences cleaved by 
various restriction endonucleascs. Those traits (genetic 
markers) are termed RFLPs (restriction fragment length 
polymorphisms). 

Restriction fragment length polymorphisms (RFLPs) are 
genetic differences detectable by DNA fragment lengths, 
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typically revealed by agarose gel electrophoresis, after 
restriction cndonuclease digestion of DNA. There arc large 
numbers of restriction endonucleases available, character- 
ized by their nucleotide cleavage sites and their source, e.g., 
Eco RJ. Variations in RFLPs result from nucleotide base pair 
differences which alter the cleavage sites of the restriction 
endonucleases, yielding different sized fragments. 

Means for performing RFLP analyses arc well known in 
ihe art. Resiriciion fragment length polymorphism analyses 
reporied herein were conducted by Linkage Genetics. This 
service is available to the public on a contractual basis. 
Probes were prepared to the fragment sequences, these 
probes being complementary to the sequences thereby being 
capable of hybridizing to them under appropriate conditions 
well known to those „ki)led in the art. These probes were 
labeled with radioactive isotopes or fluorescent dyes for ease 
of detection. AfteT the fragments were separated by size, 
they were identified by the probes. Hybridization with a 
unique cloned sequence permits the identification of a 
specific chromosomal region (locus). Because al) alleles at 
a locus are detectable, RFLPs arc codominant alleles, 
thereby satisfying a criteria for a genetic marker. They differ 
from some other types of markers, e.g., from isozymes, in 
that they reflect the primary DNA sequence, they are not 
products of transcription or translation. Furthermore, differ- 
ent RFLP genetic marker profiles result from different arrays 
of restriction endonucleases. 

The RFLP genetic marker profile of each of the parental 
inbreds and exemplary resultant hybrids were determined. 
Because an inbred is essentially homozygous al all relevant 
loci, an inbred should, in almost all cases, have only one 
allele at each locus. In contrast, a diploid genetic marker 
profile of a hybrid should be the sum of those parents, e.g., 
if one inbred parent had the allele A al a particular locus, and 
the other inbred parent had B, tbe hybrid is AB by inference. 
Subsequent generations of progeny produced by selection 
and breeding arc anticipated to be of genotype A, B, or AB 
for that locus position. When the Fl plant is used to produce 
an inbred, the locus should be either A or B for that position. 
Surprisingly, it has been observed that in certain instances, 
novel RFLP genotypes arise during tbe breeding process. 
For example, a genotype of C is observed al a particular 
locus position from tbe cross of parental inbreds with A and 
B at that locus. Such a novel RFLP genotype is observed for 
the 87D1A4, at least, for the RFLP markers M5213S and 
M8B2369S, as shown in Table 8. These novel RFLP markers 
further define tbe 87D1A4 inbred from the parental inbreds 
from which it was derived. An RFLP genetic marker profile 
of 87D1A4 is presented in Table 8. 



TABLE 8 



RFLP PROFILE OF 87DIA4 
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PROBE/EN2YME 


87D1A4 


2FACC 


3A2A1 


AOA3 


M0264H 


D 


d 


G 


t> 


M0306H 


A 


A 




A 


M0445E 


C 


B 


B 


C 


M1120S 


F 




D 


F 


M3234H 


D 


D 


E 


E 


MJ236H 


A 


A 




A 


M323SH 


A 


A 


F 


K 


Ml 401 E 


C 


C 


C 


A 


M3406H 


A 




B 


B 


M1447H 


B 


B 


E 


B 


M1B725E 


B 


B 


C 


C 


M2239H 


A 


A 


c 


c 


M2297H 


A 


A 


E 


A 



3/2/05, EAST Version: 2.0.1.4 



S3? 

35 



TABLE 8-cominued 



RFLP PROFILE OF 87D1A4 






PDORF/FN7YME 


87DIA4 


2FACC 


3AZA3 


AOA3 


M2298E 


C 


B 


Q 




M2402H 


E 


E 






M3212S 


A 


A 




A 


M3247E 


D 


B 


D 


D 


M3257S 


B 


B 


B 


B 


M3296H 


D 


A 


D 


D 


M3432H 


A 


1 


A 


A 


M3446S 


C 


B 


C 


C 


M3457E 


E 


E 


E 


E 


M4386H 


B 


B 


A 


A 


M4396H 


H 


H 


F 


F 


M4444H 


B 


B 


A 


A 


M4UM09H 


A 


A 


A 


A 


M4UMC31S 


D 


A 


B 


D 


M5213S 


B 


A 


B 


A 


M5295E 


C 


D 


c 


c 


M5408H 


A 


A 


A 


A 


M5579S 


B 


B 


B 


B 


M5UMC95H 


A 


A 


B 


B 


M6223E 


C 


c 


c 


c 


M6252H 


D 





D 


E 


M6280H 


E 


E 




A 


M6373E 


A 


E 




A 


M7263E 


A 


C 






M7391H 


c 


C 






M7392S 


c 


c 


B 




M7455H 


A 


A 






M8110S 


Q 


Q 


Q 


Q 


M8114E 


B 


B 


E 


E 


M8268H 


B 


B 


B 


B 


M8585H 


A 


A 


A 


A 


M8B2369S 


B 


D 


B 


D 


M8UMC48E 


C 


C 


C 


C 


M9209E 


c 


c 


A 


A 


M9266S 


A 


A 


C 


c 


M9B713S 


A 


A 


B 


B 


M2UMC34H 


D 


D 


D 




M6UMC85H 


A 


A 


A 




M9UMC94H 


E 


E 


B 




M3UM121X 


C 


C 


C 




moumci3o 


c 


H 







-Probes used 10 delect RFLPs 8ic fiom Linkage Genetics, 1515 West 2200 
South, Suite C, Salt Lake City, Uub 84119. 



Another aspect of this invention is a plant genetic comple- 
ment characterized by a genetic isozyme typing profile. 
Isozymes are forms of proteins that arc distinguishable, for 
example, on starch gel electrophoresis, usually by charge 
and/or molecular weight. The techniques and nomenclature 
for isozyme analysis are described in, Stuber el al. (1988), 
which is incorporated by reference. 

A standard set of loci can be used as a reference set. 
Comparative analysis of these loci is used to compare the 
purity of hybrid seeds, to assess the increased variability in 
hybrids compared lo inbrcds, and to determine the identity 
of seeds, plants, and plant parts. In this respect, an isozyme 
reference set can be used to develop genotypic "finger- 
prints." 

Table 9 lists the identifying numbers of the alleles at 
isozyme loci types, and represents the exemplary genetic 
isozyme typing profile for 87D1A4. 
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TABLE 9 

ISOZYME PROFILE OF 87DtA4 



IS07YMF AM .FIT 



LOCUS 


87D1A4 


2FACC 


3A2A1 


AOA3 


Acphl 




2 


4 


4 


Adhl 


4 


4 


4 


4 


Cal3 


9 


9 


9 


9 


Got! 


4 


4 


4 


4 


Got2 


4 


4 


4 


4 


Gol3 


4 


c 


4 


4 


Idbl 


A 


4 


4 


4 


Idb2 


0 


6 


6 


6 


Mdbl 


b 




6" 


b 


Mdh2 


3.5 


3.5 


6 


3 


Mdb3 


16 


16 


16 


16 


Mdb4 


12 


12 


12 


12 


Mdh5 


32 


i: 


12 


12 


PgmJ 


9 


9 


9 


9 


Pgm? 


4 


4 


4 


4 


6Ppd] 


3.S 


3.8 




38 


6Pgd2 


5 


5 


5 


5 


Phil 


4 


4 


4 


5 



'Allele is probably a 6, bul null cannot be ruled out. 



25 The present invention also contemplates a hybrid genetic 
complement formed by the combination of a haploid genetic 
complement of the corn plant 87D1A4 with a haploid genetic 
complement of a second corn plant. Means for combining a 
haploid genetic complement from the foregoing inbred with 

30 another haploid genetic complement can be any method 
hereinbefore for producing a hybrid plant from 87D1A4. It 
is also contemplated that a hybrid genetic complement can 
be prepared using in vitro regeneration of a tissue culture of 
a hybrid plant of this invention. 

35 A hybrid genetic complement contained in tbe seed of a 
hybrid derived from 87D1A4 is a further aspect of this 
invention. Exemplary hybrid genetic complements are the 
genetic complements of the hybrid 4033843. 

Table 10 shows the identifying numbers of the alleles for 

40 the hybrid 4033843, which are exemplary RFLP genetic 
marker profiles for hybrids derived from the inbred of the 
present invention. Table 10 concerns 4033843, which has 
87D1A4 as one inbred parent. 



TABLE 10 

RFLP PROFILE FOR 4033843 



55 



60 
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Probe/Enzyme Combination 


Allelic Poii 


M0264H 


DH 


M0306H 


AA 


M0445E 


BC 


M1120S 


EF 


M1234H 


AD 


M1238H 


AE 


M1401E 


AC 


M1406H 


AB 


M1447H 


BB 


M1B725E 


BB . 


M2239H 


AD 


M2297H 


AC 


M2298E 


CC 


M2402H 


EE 


M3212S 


AC 


M3257S 


AB 


M3296H 


CD 


M3432H 


AA 


M3446S 


CF 


M3457E 


EE 


M4386H 


BD 



3/2/05, EAST Version: 2.0.1.4 



37 

TABLE 30-coniinued 



RFIP PROFILE FOR 4Q33S43 
P»obc/En2ym« Combination Allelic Pa» 



M4?96E 

M4444H 

M4UM09H 

M4UMC3JS 

M52J3S 

M5408H 

M6223E 

M6252H 

M6280H 

M6373E 

M7263E 

M7391H 

M7392S 

M7455H 

M8NOS 

Mfill^E 

M8268H 

M8585H 

M8B2369S 

M8UMC48E 

M9209E 

M9266S 

M9D7J3S 

M2UMC34H 

M9UMC94H 

M3UM123X 

MOUMQ 30 



HH 
AB 
AA 
AD 
AB 
AA 
BC 
AD 
EG 

ae 

AA 
AC 
AC 
AB 
AC 
BB 
BL 
AB 
BB 
CC 
AC 
AA 
AA 
DF 
EE 
CD 
CC 



55 



20 



25 



•Probt* used lo delect RFLPi are fiom Linkage Geneiica, 1535 West 2200 
Sovih, Suite C, Salt Lake City. Utah 84339. 

The exemplary hybrid genclic complements of hybrid 
4033843 may also be assessed by genclic isozyme typing 
profiles using a standard set of loci as a reference, set, using, 
e.g., the same, or a different, set of loci to those described 
above. Table 11 lists the identifying numbers of the alleles 
at isozyme loci types and presents the exemplary genetic 
isozyme typing profile for the hybrid 4033843, which is an 
exemplary hybrid derived from the inbred of the present 
invention. Table 11 concerns 4033843, which has 87D1A4 as 
one inbred parent. 



TABLE 11 



ISOZYME GENOTYPE FOR 
HYBRID 4033843 



LOCUS 



ISOZYME ALLELES 



Acphl 


2 


Adh3 


4 


CM3 


9 


GoiJ 


4 


Got2 


4 


Got3 


4 


idb) 


4 


Idh2 


6 


Mdh3 


6 


Mdh2 


3.5 


Mdb3 


36 


Mdh4 


32 


Mdb5 


12 


Pgm3 


9 


Pgm2 


4 


6-Pgdl 


3.8 


6-Pgd2 


5 


PlriJ 


4 



All of the compositions and methods disclosed and 
claimed herein can be made and executed without undue 65 
experimentation in light of the present disclosure. While the 
compositions and methods of ibis invention have been 
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described in terms of the foregoing illustrative 
embodiments, il will be apparent to those of skill in the art 

that variations, changes, modifications and alterations may 

be applied to ihe composition, methods, and in the steps or 
5 in the sequence of steps of Ihe methods described herein, 

without de par ling, from ihe irue concept, spirit and scope of 

the invention. More specifically, il will be apparent thai 
certain agents thai are both chemically and physiologically 
related may be substiiuied for the agents described herein 
30 while the same or similar results would be achieved. All 
such similar substitutes and modifications apparent to those 
skilled in the an are deemed to be wilhin the spirit, scope and 
concept of ihe invention as defined by the appended claims. 
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' . » > A nUoA 90 The inbied c»in planl of claim 18, having a gene lie 

£££ ™<^5™ Jl^.n E profile in accordance wi,h ,he profile shown 

T^Dbredc^rTsted of the com planl designated 87D1A4, 1 n inbicd corn plan! of claim 18, having an RFLP 

a sample of Ibe seed of said com plant having been deposited 5 marker profile and a genelic isozyme typing profile 

under ATCC Accession No. 203192. fa accojdancc with ibe profiles shown in Tables 3 and 9. 

2. The inbred com seed of claim 1 , further dehned as an ^ ApTOCCS s of preparing corn seed, comprising crossing 

essentially homogeneous population of inbred com seed ^ ^ parent corn plant with a second parent corn plant, 

designated *™J A * q f daim h dc fi DC d as JQ whcrc in said first or second corn planl is the inbred corn 

?5v £ ^ from hvbrid seed. plant 87D1A4, a sample of the seed of said com plant havmg 

t$& rZ inbred corn plant produced by growing the seed of bccn dcposilcd under ATCC Accession No. 2031 92, wherein 

an inbred corn planl designated 87D1A4, a sample of the sccd fa aJlowcd lQ form 

seed of said corn plant having been deposited under ATCC 23 ^ proccss c f c i a j m 22, further defined as a process 

Accession No. 203192. » 0 f preparing hybrid com sccd, comprising crossing a first 

5. Pollen of the plant of claim 4. inbred corn plant with a second, distinct inbred corn plant, 

6. An ovule of the planl of claim 4 wherein said firsl or second corn planl is ihe inbred corn 

7. An essentially homogeneous population of corr plants ^ Qf ^ ^ h ^ 

IT^d^l!^ » deposited undc ^ ATCC Accession No. 203192. 

SSra: Accession No. 203192 . 24. THe process of claim 23, wherein crossing composes 

8 A corn plant having all the physiological and morpbo- lhc slcps of: 

locical characteristics of corn plant 87D1 A4, a sample of Ihe ^ planting in pollinating proximity seeds of said firsl and 

seed of said corn planl having been deposited under ATCC inbre(J com planls; 

Accession No. 203192. 25 , M cu ],; val j D p the seeds of said first and second inbred 

9. The corn plant of claim 8. further composing a cyto- ^ p)anl! f inIO plants lbal bear flowers; 

^ A SS53?«» ° f ™ W cmasculaturg the male flowers of said firs, or second 

nlaini 87D1A4 wherein ,be tissue regenerates plants having inbred con, plan, to produce an emasculated corn plant, 

all .he physiological and morphological charac.ens.ics of x ((J ) al]ow i D g cross-pollination to occur between said first 

corn plan. 87D1A4, a sample of the seed of said com planl amJ &econ( j j„bred com plant; and 

having been deposited under ATCC Accession No. 203192- . » harves ,j ng seeds produced on said emasculated corn 

VrberissuecuhureofclaimlO^ 

cells are embryos, meristemalic cells, poiien, re , ^ The process of claim 24, further comprising growing 

anthers, roots, root lips, silk, 35 said harves.ed seed to produce a hybrid com plan., 

husks, sulks, or protoplast ™J^£**£££- of 26. Hvbrid corn seed produced by .be process of claim 23. 

daim "oTvS n :n r*^^s555-. »■ ^ — ^ produced by ihe proccss of c,aim 

d 'K^1Sti^^^£ ,0 25 28- * Hybnd corn plan, of claim 27. wherein .he plan, 
said com planl (having been o po ^ ^ ^ (p) bybnd corD plant . 

L MbreS 1 com plan, cell of the com plan, of claim 4 2 9. The corn plan, of claim 8, further comprising a smgle 

gene conversion. 

i^n RFLP eenelic marker pmfile in accordance with the 30 . The com plant of claim 29. wherein ihe single gene 

l) ZSc^toTtb* 8; or < 5 was siably inserted into a corn genome by trar^formauon. 

Ja Sneiic isozyme typing profile in accordance with 3 1 . Tbe single gene conversion of the com planl of claim 

{0) a geijcu . j jr M ° 9 29 wbert lhc gcne 1S a dommanl allele. 

14 h ^nbreJ°com plant cell of claim 13, having an 3 2 .The single gene conversion of Ihe com planl of claim 

niip penclic marker profile in accordance with ihe profile ^ whcrc mc gCDC is a recessive allele. 

hown in Table 8. 50 33. The single gene conversion com planl of claim 29. 

S 15 Tbe inbred corn plant ceD of claim 13, having a whcfC ^ gcnc con f C rs berbicidc resisiance. 

penciic isozyme lyping profile in accordance wilh lhc profile M Jhc gcnc conversion of ihe com planl of claim 

shown in Table 9. . 29, where ibe gene confers inseel resistance. 

36 Tbe inbred com plant cell of claim 13, having an 35. The single gene conversion of ihe corn planl of claim 

RFLP eenelic marker profile and a genelic isozyme typing 55 ^ ||jc con f crS resistance 10 bacterial, fungal, or 

profilemaccordancewitbtbeprofilesshowniDTablesSand ^ 

9 . ... 36 The single gene conversion of ihe com planl of claim 
* 17. The inbred com planl cell of claim 13, located within ^ whcrcin lhc gC ne confers male sterility. 

a corn planl or seed. . 3 7 j^c single gene conversion of lhc com planl of claim 

18. The inbred corn plant of claim 4 having: . 60 29 whcr e the gene confers waxy starch. 

(a) an RFLP genelic marker profile in accordance wim inc ^ ^ ^ conversion of the com plant of claim 
profile shown in Table 8; or ^ whcrc (hc gcne con f crs improved nutritional quality. 

(b) a generic isozyme typing profile in accordance wnn ^ ^ ^ ^ of lhe p)aDl of claim 
,be profile shown in Table 9 lhc conftrs enhanced yield stability. 

19 Tbe inbred com planl of claim 18, having an KrLr 

genetic marker profile in accordance with ibe profile shown # 
in Table 8. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,936,145 Page 1 of 6 

DATED : August 10, 1999 

INVENTOR(S) : Peter J. Bradbury 

H is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: . f h hu$ks j to 2 

in col. 5, a, lines 4647. please delete ^"^^Cd Substitute therefor - 
weeks after pollination scored as Color -J^^*" m ^ on scored as 

Ear-Fresh Husk Color. The color of the husks 1 to I weeits *~ 
green, red, or purple-. 

, v i>^. The average number of ears per 

cars per plant-. 

cv v Th*. averaee number of internodes on 

^oX of impedes oofl^shas*-. 

scowl as whiu, pi*, 7- ^ KcmdX^Sr The color of .he alomooc 

rri'rrx- ^ p * ^ ™ lor " ss - OT 

variegated—. 

„ c„, 6. - ones 57-5S, »*- 
yellow—. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO- 5^36.145 Page 2 of 6 

DATED : AugusJ 10, 1999 

INVENTORY : Petef J. Bractury 

Hscerffedtralentxsappearh^^ 
shown below. 

in col 6 at lines 65-66, please delete "Kernel-Number Per The average number of 
kernels in a single row. Row:" and substitute therefor -Kernel-Number Per Row: The 
average number of kernels in a single row-. 

In col 7 at lines 1-3, please delete "Kernel-Pericarp The color of the pericarp scored as 
colorless red-white crown, tan, Color: bronze, biown, light red, cherry red or 
variegated" and substitute therefor - Kernel-Pericarp Color. The color of the pencarp 
scored as colorless, red-white crown, tan, bronze, brown, light red, cherry red, or 
variegated-. 

In col 7 at lines 4-6, please delete "Kernel-Row The direction of the kernel rows on the 
ear scored as straight, Direction: sligbdy curved, spiral, or indistinct (scattered)" and 
substitute therefor -Kernel-Row Direction: The direction of the kernel rows on the ear 
scored as straight, slightly curved, spiral, or indistinct (scattered)-. 

In col 7 at lines 30-33, please delete "Leaf-Longitudinal A rating of tbe number of 
longitudinal creases on the leaf surface 1 Creases: to 2 weeks after pollination Creases 
aretcored as absent, few, or many" and substitute tierefor -Leaf-Longitudinal Creases: 
A rating of tbe number of longitudinal creases on the leaf surface 1 to 2 weeks after 
polbnation. Creases are scored as absent, few, or many-. 

In col 7 at lines 34-36, please delete "Leaf-Marginal A rating of the waviness of the 
leaf margin 1 to 2 weeks after Waves: pollination. Rated as none, few, or many" and 
substitute therefor -Leaf-Marginal Waves: A rating of tbe waviness of the leaf margin 
1 to 2 weeks after pollination. Rated as none, few, or many-. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO- : 5.936,145 Page 3 of 6 

DATED AugusMQ.1999 
INVENTORS) : Peter J.Bractxjy 

B is cerlfied thai errors appear ri the abo^idenfiied patert and thai sad Letters Paler! is henety corrected as 
shovnbeiov. 

In col. 7, at lines 40-43, please delete "Leaf-Sheath A rating of the level of anthocyanin 
in the leaf sheath 1 to 2 weeks Anthocyanin: after pollination, scored as absent, basal- 
weak, basal-strong, weak or strong" and substitute therefor -Leaf-Sbeath Anthocyanin: 
A rating of the level of anthocyanin in the leaf sheath 1 to 2 weeks after pollination, 
scored as absent, basal-weak, basal-strong, weak or strong-. 

In col. 7, at lines 44^6, please delete "Leaf-Sbeath A rating of the pubescence of the 
leaf sheath. Ratings are taken 1 Pubescence: to 2 weeks after pollination and scored as 
ligbt medium, or heavy" and substitute therefor -Leaf-Sheath Pubescence: A rating of 
the pubescence of the leaf sheath. Ratings are taken 1 to 2 weeks after pollination and 
scored as light, medium, or heavy-. 

In col. 8, at lines 19-21 , please delete "Stalk-Brace Root The color of the brace roots 
observed 1 to 2 weeks after pollination Color: as green, red, or purple" and substitute 
therefor -Stalk-Brace Root Colon The color of the brace roots observed 1 to 2 weeks 
after pollination as green, red, or purple-. 

In col. 8, at lines 27-29, please delete "Stalk-lntemode The direction of the stalk 
intemod'e observed after pollination as Direction: straight or zigzag" and substitute 
therefor -Stalk-lntemode Direction: The direction of the stalk intemode observed after 
pollination as straight or zigzag-. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO- 
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INVENTORS) 



5535,145 
August 10, 1999 
PeteiJ.Bracbury 



Fage 



U of 6 



H fe certfed thai erms appear "n the 
shewn bekw. 



abcMEHdertffed patert and thai sab betes Patert fe heniycoroctedas 



In col. 8, at lines 30-31, please delete "Stalk-lntemcxle The average length of the 
intemode above the primary ear. Length:" and substitute therefor -Stalk Intemode 
Length: The average length of the intemode above the primary ear-. 

In col. 8, at lines 35-36, please delete "Stalk-lntemode With The average number of 
nodes having brace roots per plant. Braee Roots:" and substitute therefor -S^lk- 
toVemode With Brace Roots: The average number of nodes havmg brace roots per 
plant-. 

1„ col. 8, at lines 65-66, please delete Tassel-Branch The average .number of primary 
tLsel branches. Number." and substitute therefor -Tassel-Branch Number: The 
average number of primary tassel branches-. 

In col 9 at lines 7-9. please delete "Tassel-Peduncle The average length of the tassel 
£££ measured me base of the flag leaf to me base Length: ofthebonom 

bSncb" and substitute therefor -Tassel-Peduncle Length: The average length of 
Te usseTpeduncle, measured from the base of the flag leaf to the base of the bottom 
tassel branch—. 

In col. 1 3, at line 26, delete "3AZA1 " and substitute therefor -AQA3-. 

In col. 14. at line 52. delete "87DIA1 14" and substitute therefor -87D1A4-. 

In col. 30, at line 4. . delete "DEKALB Plant Genetics" and substitute therefor - 
DEKALB Genetics Corporation-. 
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CERTIFICATE OF CORRECTION 
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5336,145 
August 10, 1999 
Pete J-Bradbuy 



aid Letters Paler* *b hereby cxxrected as 



l.O 



ft is certfed thai enors appear in the 
shewn beJov. 

Atcol 17, in Table 5 delete all rows under "4. EAR" and ending with "Endospe 
Color"' and substitute therefor the following rows - 

4. EAR 

Silk Color 
Number Per Stalk 
Position (attitude) 
Length cm- 
Shape 

Diameter cm. 
Weight gm. 
Shank Length cm. 
Husk Bract 
Husk Cover cm. 
Husk Color Fresh 
Husk Color Dry 
Cob Diameter cm- 
Cob Color 
Shelling Percent 



Pink 


Pink 


1.0 


1.0 


Upright 


16.0 


14.6 


Semi-conical 


Semi-conical 


4.0 


3.8 


104.9 


100.6 


10.3 


14.1 


Short 


Short 


6.4 


25 


Green 


Green 


Buff 


Buff 


23 


2.4 


Red 




87.7 


80.6 
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Paleri *s hereby corrected as 



5. KERNEL 
Row Number 
Number Per Row 
Row Direction 
Type 
Cap Color 
Side Color 
Length (depth) mm. 
Width mm- 
Thickness 

Weight of 1000K gm. 
Endosperm Type 
Endosperm Color 



14.6 14.8 

32.1 27.1 

Curved Curved 

Dent — 

Yellow Yellow 
Deep Yellow — 

11.1 9.4 

7.8 8-0 

3.9 5.2 
269.0 252.4 
Normal Normal 
Yellow Yellow 



16.3 


153 


29.3 


29.7 


Curved 


Curved 


Dent 




Yellow 


Yellow 


Orange 




10.9 


103 


7.4 


7.8 


4.4 


4.2 


233.0 


247.8 


Normal 


Normal 


Yellow 


Yellow- 



Signed and Sealed this 
Twenty-seventh Day of February, 2001 

NICHOLAS P. GOD1C1 



Attesting Officer 



EXHIBIT D 



The opinion in support of the decision being entered today was not written 
for publication and is not binding precedent of the Board. 



UNITED STATES PATENT AND TRADEMARK OFFICE 




BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 



MAILED 



MAR 3 1 2005 




Before SCHEINER, ADAMS and GREEN, Administrative Patent Judges . 
ADAMS, Administrative Patent Judge . 



This is a decision on the appeal under 35 U.S.C. § 134 from the 
examiner's final rejection of claims 3, 6, 11, 14-20, 24, 25, and 27-31. The 
examiner has indicated that claims 1, 2, 5, 7-10, 12, 13 and 21-23 are allowable. 
Answer, page 2. Claims 4 and 26 are cancelled. Brief, page 2. 



1 This appeal is substantially similar to Appeal No. 2004-1503, Application No. 09/606,808; 
Appeal No. 2004-1506, Application No. 09/771,938; Appeal No. 2004-1968, Application No. 
10/00,0311; Appeal No. 2004-2343, Application No. 09/772,520; and Appeal No. 2005-0396, 
Application No. 10/077,589, which all share the same assignee, Monsanto Company, the parent 
of wholly-owned subsidiary DeKalb Genetics Corporation. Accordingly we have considered these 
appeals together. 



DECISION ON APPEAL 



2 We note that iexaminer Ashwin Meta presented arguments at the oral hearing. 
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Claims 3, 6 f 15, 16, 17, 27, 28, 30 and 31 are illustrative of the subject 

matter on appeal and are reproduced below. In addition, for convenience, we 

have reproduced allowable claims 2 and 5 below: 

2. A population of seed of the corn variety 101 5036, wherein a sample of the 
seed of the corn variety 1015036 was deposited under ATCC Accession 
No. PTA-3225. 

3" The population of seed of claim 2, further defined as an essentially 
homogeneous population of seed. 

5. A corn plant produced by growing a seed of the corn variety 101 5036, 
wherein a sample of the seed of the com variety 101 5036 was deposited 
under ATCC Accession No. PTA-3225. 

6. The corn plant of claim 5, having: 

(a) an SSR profile in accordance with the profile shown in Table 6; or 

(b) an isozyme typing profile in accordance with the profile shown in 
Table 7. 

15. A corn plant capable of expressing all the physiological and 
morphological characteristics of the corn variety 101 5036, wherein a 
sample of the seed of the corn variety 1015036 was deposited under 
ATCC Accession No. PTA-3225. 

16. The corn plant of claim 15, further comprising a nuclear or cytoplasmic 
gene conferring male sterility. 

17. A tissue culture of regenerate cells of a plant of corn variety 1015036, 
wherein the tissue is capable of regenerating plants capable of 
expressing all the physiological and morphological characteristics of the 
corn variety 1015036, wherein a sample of the seed of the corn variety 
1015036 was deposited under ATCC Accession No. PTA-3225. 

27. The corn plant of claim 5, further defined as having a genome comprising 
a single locus conversion. 

28. The corn plant of claim 27, wherein the single locus was stably inserted 
into a corn genome by transformation. 

30. The corn plant of claim 27, wherein the locus confers a trait selected from 
the group consisting of herbicide tolerance; insect resistance; resistance 
to bacterial, fungal, nematode or viral disease; yield enhancement; waxy 
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starch; improved nutritional quality; enhanced yield stability; male sterility 
and restoration of male fertility. 

31. A method of producing an inbred corn plant derived from the corn variety 
101 5036, the method comprising the steps of: 

(a) preparing a progeny plant derived from the corn variety 1015036 by 
crossing a plant of the corn variety 1015036 with a second corn 
plant, wherein a sample of the seed of the corn variety 1015036 
was deposited under ATCC Accession No. PTA-3225; 
( (b) crossing the progeny plant with itself or a second plant to produce 
a seed of a progeny plant of a subsequent generation; 

(c) growing a progeny plant of a subsequent generation from said 
seed and crossing the progeny plant of a subsequent generation 
with itself or a second plant; 

(d) repeating steps (b) and (c) for an additional] 3-10 generations to 
produce an inbred corn plant derived from the corn variety 1015036. 

The references relied upon by the examiner are: 

Hunsperger et al. (Hunsperger) 5,523,520 Jun. 4, 1 996 

Eshed et al. (Eshed), "Less-Than-Additive Epistatic Interactions of Quantitative 
Trait Loci in Tomato," Genetics , Vol. 143, pp. 1807-17 (1996) 

Kraft et al. (Kraft), "Linkage Disequilibrium and Fingerprinting in Sugar Beet," 
Theoretical and Applied Genetics , Vol. 101 , pp. 323-36 (2000) 

GROUNDS OF REJECTION 

Claim 3 stands rejected under 35 U.S.C. § 1 12, second paragraph as 

indefinite in the recitation of the phrase "an essentially homogeneous population 

of seed." 

Claim 14 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrase f, [a]n essentially homogeneous 
population of corn plants produced by growing the seed of the corn variety 
1015036." 
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Claims 6 and 1 1 stand rejected under 35 U.S.C. § 1 12, second paragraph 
as indefinite in the recitation of the phrase "in accordance with." 

Claims 15, and 17-20 3 stand rejected under 35 U.S.C. § 1 12, second 
paragraph as indefinite in the recitation of the phrase "capable of expressing." 

Claims 16 and 27-30 4 stand rejected under 35 U.S.C. § 1 12, second 
paragraph as failing to limit the scope of the claims from which they depend. 

Claim 28 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of "the article 'a' in the recitation 'wherein the single 
locus was stably inserted into a corn genome/" 

Claim 30 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of the phrases "yield enhancement," "improved 
nutritional quality," and "enhanced yield stability." 

Claims 6, 1 1 , 24, 25 and 27-31 stand rejected under the written 
description provision of 35 U.S.C. § 112, first paragraph. 

Claims 27-30 stand rejected under the enablement provision of 35 U.S.C. 
§ 112, first paragraph. 

We reverse. 

3 According to the examiner (Answer, page 13), since claim 18 depends from claims 17 it is 
included in this rejection. We also note, while the examiner lists (Answer, page 4) claim 19 as 
rejected under 35 U.S.C. § 1 12, second paragraph, the examiner fails to explain the basis of this 
rejection. Accordingly, we assume since claim 19 ultimately depends from claim 17, claim 19, like 
claim 18, was intended to be included in this rejection. 

4 According to the examiner (Answer, page 4), a [c]laims ... 27-30 ... stand rejected under 35 
U.S.C. [§] 112, second paragrarph..." The examiner, however, provides no explanation as to why 
claim 29 is rejected. We can only assume that since claim 29, as well as claims 28 and 30, each 
depend from claim 27, they are rejected for the same reason as claim 27. Accordingly, we have 
included claims 28-30 with this ground of rejection. 
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BACKGROUND 

The present "invention relates to inbred corn seed and plants of the 
variety designated 1015036, and derivatives and tissue cultures thereof." 
Specification, page 1. According to appellant (specification, page 27), "[a] 
description of the physiological and morphological characteristics of corn plant 
1015036 is presented in Table 3" of the specification, pages 27-29. On this 
record the examiner has indicated that claims drawn to plants, plant parts, and 
seed of the corn variety designated 1015036 are allowable. See e.g. , claims 1, 2, 
5, 7-10, 12 and 13, and Answer, page 2, wherein the examiner states "[c]laims 1, 
2, 5, 7- v 10, 12 [and] 13 ... are allowed." 

A second aspect of the present invention comprises hybrid plants and 
processes "for producing [first generation (F,) hybrid 5 ] corn seeds or plants, 
which ... generally comprise crossing a first parent corn plant with a second 
parent corn plant, wherein at least one of the first or second parent com plants is 
a plant of the variety designated 1015036." Specification, pages 7-9. On this 
record the examiner has indicated that claims drawn to a process of producing 
corn seed wherein the process comprises crossing a first parent corn plant with a 
second parent corn plant are allowable. See e.g. , claims 21-23 and Answer, 
page 2, wherein the examiner states claims "21-23 are allowed." 



5 According to the specification (page 21), a F, hybrid is "[t]he first generation progeny of the 
cross of two plants." During oral hearing, appellant confirmed that all claims drawn to hybrid 
plants or hybrid seeds ( see e.g. , claims 24 and 25) refer to F t hybrids. 
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A third aspect of the present invention comprises single locus converted 

plants of the corn variety 1015036. Specification, page 6. As appellant explains 

(specification, page 23, emphasis added), single locus converted (conversion) 

plants are those plants 

which are developed by a plant breeding technique called 
backcrossing wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in 
addition to the characteristics conferred by the single locus 
transferred into the inbred via the backcrossing technique. A single 
locus may comprise one gene, or in the case of transgenic plants, 
one or more transgenes integrated into the host genome at a single 
site (locus). 

As appellant explains (specification, page 31): 

Many single locus traits have been identified that are not regularly 
selected for in the development of a new inbred but that can be 
improved by backcrossing techniques. Single locus traits may or 
may not be transgenic; examples of these traits include, but are not 
limited to, male sterility, waxy starch, herbicide resistance, 
resistance for bacterial, fungal, or viral disease, insect resistance, 
male fertility, enhanced nutritional quality, industrial usage, yield 
stability, and yield enhancement. These genes are generally 
inherited through the nucleus, but may be inherited through the 
cytoplasm. Some known exceptions to this are genes for male 
sterility, some of which are inherited cytoplasmically, but still act as 
single locus traits. 

A final aspect of the present invention is directed to a process of 
producing an inbred corn plant derived from a plant of the corn variety 1015036. 
See e.g. , claim 31. According to appellant's specification (bridging paragraph, 
pages 10-11), 

the present invention provides a method of producing an inbred 
corn plant derived from the corn variety 1015036, the method 
comprising the steps of: (a) preparing a progeny plant derived from 
corn variety 1015036, wherein said preparing comprises crossing a 
plant of the corn variety 1015036 with a second corn plant, and 
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wherein a sample of the seed of corn variety 1015036 has been 
deposited under ATCC Accession No. ... [PTA-3225]; (b) crossing 
the progeny plant with itself or a second plant to produce a seed of 
a progeny plant of a subsequent generation; (c) growing a progeny 
plant of a subsequent generation from said seed of a progeny plant 
of a subsequent generation and crossing the progeny plant of a 
subsequent generation with itself or a second plant; and (d) 
repeating steps (c) and (d) for an addition 3-10 generations to 
produce an inbred corn plant derived from the corn variety 1015036. 
In the method, it may be desirable to select particular plants 
resulting from step (c) for continued crossing according to steps (b) 
and (c). By selecting plants having one or more desirable traits, an 
inbred corn plant derived from the corn variety 1015036 is obtained 
which possesses some of the desirable traits of corn variety 
101 5036 as well potentially other selected traits. 

According to the examiner (Answer, page 36), M [t]he patentability of the method 

of claim 31 does not lie in the method steps, which require the simple acts of 

crossing corn plants, allowing progeny seed to be produced, and growing 

progeny plants from the seed...." Therefore, as we understand this aspect of the 

claimed invention (e.g. , claim 31), the intent is not to claim a specific inbred corn 

plant resulting from the claimed process. See claim 31. Instead, as we 

understand it, claim 31 is drawn to a process wherein an inbred corn plant is 

derived from the corn variety 101 5036. 

As appellant explains (specification, page 3), 

The development of uniform corn plant hybrids requires the 
development of homozygous inbred plants, the crossing of these 
inbred plants, and the evaluation of the crosses. Pedigree breeding 
and recurrent selection are examples of breeding methods used to 
develop inbred plants from breeding populations. Those breeding 
methods combine the genetic backgrounds from two or more 
inbred plants or various other broad-based sources into breeding 
pools from which new inbred plants are developed by selfing and 
selection of desired phenotypes. The new inbreds are crossed with 
other inbred plants and the hybrids from these crosses are 
evaluated to determine which of those have commercial potential. 
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We emphasize, that while "new inbreds" having commercial potential may result 
from the method set forth in claim 31 , the claim does not encompass any specific 
plant that is produced as a result of the method. Rather the claim encompasses 
only a method of producing an inbred com plant that is " derived " from the corn 
variety 1015036. The examiner has indicated that a claim drawn to a corn plant 
of the corn variety 1015036 is allowable. See e^, claim 5, and Answer, page 2, 
wherein the examiner states that claim 5 is allowed. 

Against this backdrop, we now consider the rejections of record. 

DISCUSSION 

Definiteness : 

Claims 3, 6, 11, 14-20 and 27-30 stand rejected under 35 U.S.C. § 112, 
second paragraph. For the following reasons we reverse. 

Claim 3 

Claim 3 depends from independent claim 2, and stands rejected under 35 
U.S.C. § 1 12, second paragraph as indefinite in the recitation of the phrase "an 
essentially homogeneous population of seed...." Answer, bridging paragraph, 
pages 4-5. According to the examiner (Answer, page 4), claim 2 is drawn to m [a] 
population of seed of the corn variety 1015036, wherein a sample of the seed of 
the corn variety 1015036 was deposited under ATCC Accession No. PTA-3225." 
Thus, the examiner finds (Answer, page 5), the population of seed set forth in 
claim 2 "is a homogeneous population of seed of corn variety 1015036." 
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Accordingly, the examiner finds (icy , "[t]he recitation, 'essentially homogeneous,' 

in claim 3 . appear[s] to be superfluous." 

However, as disclosed in appellant's specification (page 5), 

[essentially homogeneous populations of inbred seed are those 
that consist essentially of the particular inbred seed, and are 
generally free from substantial numbers of other seed, so that the 
inbred seed forms between about 90% and about 100% of the total 
seed, and preferably, between about 95% and about 100% of the 
total seed. 

Accordingly, we disagree with the examiner's assertion (Answer, page 6) 
that claim 3 is unclear simply because it may contain seed other than the seed of 
the corn variety 1015036. We remind the examiner that claim language must be 
analyzed "not in a vacuum, but always in light of the teachings of the prior art 
and of the particular application disclosure as it would be interpreted by one 
possessing the ordinary skill in the pertinent art." In re Moore , 439 F.2d 1232, 
1235, 169 USPQ 236, 238 (CCPA 1971). Here, notwithstanding appellant's 
comments 6 , it is our opinion that a person of ordinary skill in the art would 
recognize that an essentially homogeneous population of seed of the corn 
variety 1015036 is a population of seed that is generally free from substantial 
numbers of other seed, e.g., wherein com variety 1015036 seed forms between 
about 90% and about 100% of the total seed in the population. 7 



6 According to appellant (Brief, page 7), an essentially homogeneous population of seed, is a 
population of seed that could be of non-uniform size and shape. 

7 Cf. the examiner's statement (Answer, page 6), "amending claim 3 to read '[a]n essentially 
homogeneous population of corn seeds consisting essentially of seed of claim 1 \ would obviate 
this rejection " 
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Accordingly, we reverse the rejection of claim 3 under 35 U.S.C. § 112, 
second paragraph. 

Claim 14 

Claim 14 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrase "[a]n essentially homogeneous 
population of corn plants produced by growing the seed of the corn variety 
1015036." Answer, page 6. According to the examiner (Answer, bridging 
paragraph, pages 6-7), *[t]he 1015036 seed can only produce 1015036 plants. ... 
[Therefore,] [t]he population can ... only consist of 1015036 plants." Accordingly, 
the examiner finds it unclear "why the population is referred to as 'essentially 
homogeneous, 1 since such populations can comprise more than one variety of 
plant." Answer, page 7. 

As appellant discloses (specification, page 6), "[t]he population of inbred 
corn seed of the invention can further be particularly defined as being essentially 
free from hybrid seed. The inbred seed population may be separately grown to 
provide an essentially homogeneous population of inbred corn plants designated 
101 5036." As we understand the claim, growing the seed of claim 3, for example, 
would produce an essentially homogeneous population of corn plants of the corn 
variety 101 5036. 8 



8 Cf. The examiner's statement (Answer, page 8), amending claim 14 "to read, '[a]n essentially 
homogeneous population of corn plants produced by growing a population of corn seed consisting 
essentially of the seed of corn plant 1015036.. / would obviate the rejection." 
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In addition, we direct the examiner's attention to Appeal No. 2005-0396, 
wherein a claim similar to claim 14 was presented for our review. In Appeal No. 
2005-0396, the examiner of record indicated that claim 14, directed to "[a]n 
essentially homogeneous population of corn plants produced by growing the 
seed of the corn variety 1180580...." was allowable. Accordingly, we find that the 
examiner has treated claim 14 in a manner that is inconsistent with the 
prosecution of claim 14 in 2005-0396. As we understand it, the only difference 
between claim 14 as it appears in Appeal No. 2005-0396 and the instant appeal 
is the variety of corn seed from which the plant is produced. 

Accordingly we reverse the rejection of claim 14 under 35 U.S.C. § 1 12, 
second paragraph. 

Claims 6 and 1 1 

Claims 6 and 11 stand rejected under 35 U.S.C. § 112, second paragraph 
as indefinite in the recitation of the phrase "in accordance with." According to the 
examiner (Answer, page 9), it is unclear if a plant "that generally follows the trend 
of the profile of Table 6, but which differs at one or a few loci, [would] be 
considered in 'conformity 1 or 'in accordance' with the profile of Table 6." 

On this record, we understand the phrase "in accordance with" as it is 

used in claims 6 and 1 1 to mean "the same" 9 . Stated differently, we understand 

the claims to read: 

6. The corn plant of claim 5, having: 

(a) the same SSR profile as shown in Table 6; or 

9 During the February 10, 2005 oral hearing appellant's representative confirmed that the phrase 
"in accordance with" was intended to mean "the same." 
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(b) the same isozyme typing profile as shown in Table 7. 

1 1 . The plant part of claim 10, wherein said cell is further defined as having: 

(a) The same SSR profile as shown in Table 6; or 

(b) The same isozyme typing profile as shown in Table 7. 

Accordingly we reverse the rejection of claims 6 and 1 1 under 35 U.S.C. 
§112, second paragraph. 

Claims 15 and 17-20 

Claims 15, and 17-20 stand rejected under 35 U.S.C. § 1 12, second 

paragraph as indefinite in the recitation of the phrase "capable of expressing," or 

"capable of regenerating." According to the examiner (Answer, page 11), the 

claims do "not make clear if the plant actually expresses the traits, or when or 

under what conditions the traits are expressed." In this regard, the examiner 

finds (Answer, page 12), 

while the plant has the capacity to express the characteristics, for 
some reason it may not. Certain characteristics of a plant are 
expressed only at certain times of its life cycle, and are incapable 
of being expressed at other times. The colors of flower parts such 
as silks, or fruit parts such as husks, are examples. The promoters 
of many genes conferring traits require a transcription factor to 
become active. Is a plant that has such a gene, but not the 
transcription factor, considered "capable of expressing" that gene, 
and the trait associated with that gene, and is such a plant 
encompassed by the claims? 

To address the examiner's concerns, we find it sufficient to state that if a plant 

has the capacity to express the claimed characteristics it meets the requirement 

of the claim regarding "capable of," notwithstanding that due to a particular 

phase of the life cycle the plant is not currently expressing a particular 

characteristic. Alternatively, if a plant is incapable of expressing the claimed 
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characteristics at any phase of the life cycle, because it lacks, for example, the 
"transcription factor" required for expression - such a plant would not meet the 
requirement of the claim regarding "capable of." 

Here, we find the examiner's extremely technical criticism to be a 
departure from the legally correct standard of considering the claimed invention 
from the perspective of one possessing ordinary skill in the art. 10 In our opinion, 
a person of ordinary skill in the art would understand what is claimed. Amgen 
Inc. v. Chugai Pharmaceutical Co., Ltd. , 927 F.2d 1200, 1217, 18 USPQ2d 1016, 
1030 (Fed. Cir. 1991). We find the same to be true for the phrase "capable of 
as set forth in claims 17-20. 

Accordingly we reverse the rejection of claims 15, and 17-20 under 35 
U.S.C. § 112, second paragraph. 

Claims 16 and 27-30 

Claims 16 and 27-30 stand rejected under 35 U.S.C. § 1 12, second 
paragraph as failing to limit the scope of the claims from which they depend. 
According to the examiner (Answer, page 9), since the plant set forth in claim 16 
is male sterile it cannot express all the morphological and physiological 
characteristics of the male fertile corn variety 1015036. Similarly, the examiner 
finds it unclear whether the plant set forth in claim 27 has all the characteristics 
of the plant set forth in claim 5, from which claim 27 depends. Id. In response, 



10 Cf. Digital Equipment Corp. v. Diamond. 653 F.2d 701, 724, 210 USPQ 521. 546 (CA 1981). 
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appellant asserts (Brief, bridging paragraph, pages 8-9), claims 16 and 27 simply 
add a further limitation to the claims from which they depend. We agree. 

For example, claim 16 reads on a corn plant capable of expressing all the 
physiological and morphological characteristics of the corn variety 1015036, 
further comprising a nuclear or cytoplasmic gene conferring male sterility. In our 
opinion, the claims reasonably apprise those of skill in the art of their scope. 
Amgen , As set forth in Shatterproof Glass Corp. v. Libbey-Owens Ford Co. , 758 
F.2d 613, 624, 225 USPQ 634, 641 (Fed. Cir. 1985), M [i]f the claims, read in the 
light of the specifications, reasonably apprise those skilled in the art both of the 
utilization and scope of the invention, and if the language is as precise as the 
subject matter permits, the courts can demand no more." 

Accordingly we reverse the rejection of claims 16 and 27-30 under 35 
U.S.C. § 112, second paragraph. 

Claim 28 

Claim 28 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of "the article 'a 1 in the recitation 'wherein the single 
locus was stably inserted into a corn genome." According to the examiner 
(Answer, page 1 3), "[t]he recitation does not make clear if the genome is that of 
1015036 or that of a different corn plant." 

According to appellant's specification (page 23, emphasis removed), a 

"Single Locus Converted (Conversion) Plant" refers to 

[p]lants which are developed by a plant breeding technique called 
backcrossing wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in 
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addition to the characteristics conferred by the single locus 
transferred into the inbred via the backcrossing technique. A single 
locus may comprise one gene, or in the case of transgenic plants, 
one or more transgenes integrated into the host genome at a single 
site (locus). 

Accordingly, we agree with appellant (Brief, page 10) "[t]he single locus 
referred to in claim 28 may or may not have been directly inserted into the 
genome of the claimed plant." As we understand the claim, and arguments of 
record, claim 28 presents two possibilities: (1) the single locus is directly inserted 
into the claimed plant and nothing further need be done; or (2) the single locus is 
directly inserted into a different plant, which is then used to transfer the single 
locus to the claimed plant through use of the plant breeding technique known as 
backcrossing. 

In our opinion, the claim reasonably apprises those of skill in the art of its 
scope. Amgen . Accordingly, we reverse the rejection of claim 28 under 35 
U.S.C. § 112, second paragraph. 

Claim 30 

Claim 30 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of the phrases "yield enhancement," "improved 
nutritional quality," and "enhanced yield stability." According to the examiner the 
terms "yield enhancement," "improved nutritional quality," and "enhanced yield 
stability" are relative and have no definite meaning. Answer, page 14. The 
examiner is correct (Answer, page 14), when a word of degree is used 
appellant's specification must provide some standard for measuring that degree. 
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Seattle Box. Co. v. Industrial Crating & Packing, Inc. , 731 F.2d 818, 826, 221 
USPQ 568, 573-574 (Fed. Cir. 1984). 

On this record, appellant asserts (Brief, page 11), it is "understood the 
enhancement of yield or yield stability and improved nutritional quality is relative 
to a plant lacking the single locus. The metes and bounds of the claim are thus 
fully understood by one of skill in the art and the use of the terms is not 
indefinite." On reflection, we agree with appellant. The fact that some claim 
language is not mathematically precise does not per se render the claim 
indefinite. Seattle Box . As set forth in Shatterproof Glass , "[i]f the claims, read in 
the light of the specifications, reasonably apprise those skilled in the art both of 
the utilization and scope of the invention, and if the language is as precise as the 
subject matter permits, the courts can demand no more." In our opinion, a 
person of ordinary skill in the art would have understood the enhancement of 
yield or yield stability and improved nutritional quality is relative to a plant lacking 
the single locus. 

Accordingly we reverse the rejection of claim 30 under 35 U.S.C. § 1 12, 
second paragraph. 

Written Description : 

Claims 6,11, 24, 25 and 27-31 stand rejected under 35 U.S.C. §112, first 
paragraph, as the specification fails to adequately describe the claimed 
invention. For the following reasons, we reverse. 
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Claims 24 and 25 " 

Claims 24 and 25 both depend from claim 23. On this record, the 
examiner has indicated that claim 23 is allowable. Answer, page 2. The 
examiner finds (Answer, page 16), claims 24 and 25 are drawn to a hybrid plant 
or seed "produced by crossing inbred corn plant 1015036 with any second, 
distinct inbred corn plant." 

As we understand it, based on this construction of claims 24 and 25, the 
examiner is of the opinion that since the hybrids inherit only Vz of their diploid 12 
set of chromosomes from the plant of corn variety 1015036, a person of skill in 
the art would not have viewed the teachings of the specification as sufficient to 
demonstrate that appellant was in possession of the genus of hybrid seeds and 
plants encompassed by claims 24 and 25. According to the examiner (Answer, 
page 22), "[t]he fact that any hybrid plant will inherit half of its alleles from 
1015036 then does not provide sufficient description of the morphological and 
physiological characteristics expressed by the claimed hybrid plants." 

There is no doubt that the expressed gene products of a hybrid plant, e.g., 
the morphological and physiological traits, of 1015036 and a non-1015036 com 
plant will depend on the combination of the genetic material inherited from both 
parents. See Answer, page 23. Nevertheless, we disagree with the examiner's 



11 We recognize, as does the examiner (Answer, page 22) that appellant's reference to claims 22- 
26 (Brief, page 13) was intended to be a reference to claims 24 and 25. 

12 According to appellant's specification (page 21), diploid means M a cell or organism having two 
sets of chromosomes." 
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conclusion (id.) that tt [t]he fact that any hybrid plant will inherit half of its alleles 
from 1015036 then does not provide sufficient description of the morphological 
and physiological characteristics expressed by the claimed hybrid plants." 

On these facts, we find it necessary to take a step back and consider what 
is claimed. The claims are drawn to a F, hybrid seed (claim 24) or plant (claim 
25) resulting from a cross between a plant of corn variety 1015036 and a non- 
1015036 corn variety. The claims do not require the hybrid to express any 
particular morphological or physiological characteristic. Nor do the claims 
require that a particular non-1015036 corn variety be used. 13 All that is required 
by the claims is that the hybrid has one parent that is a plant of corn variety 
1015036. Since the examiner has indicated that the seed and the plant of the 
corn variety 1015036 are allowable (see claims 1 and 5), there can be no doubt 
that the specification provides an adequate written description of this corn 
variety. In addition, the examiner appears to recognize (Answer, page 25) that 
appellant's specification describes an exemplary hybrid wherein one parent was 
a plant of the corn variety 1015036, see e^g., specification, pages 53-59. 
Accordingly, it is unclear to this merits panel what additional description is 
necessary. 

As set forth in Reiffin v. Microsoft Corp. , 214 F.3d 1342, 1345, 54 
USPQ2d 1915, 1917 (Fed. Cir. 2000), the purpose of the written description 



13 According to appellant (Brief, page 15), "hundreds or even thousands of different inbred corn 
lines were well known to those of skill in the art prior to the filing [date] of the instant application, 
each of which could be crossed to make a hybrid plant with in the scope of the claims." 
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requirement is to "ensure that the scope of the right to exclude, as set forth in the 
claims does not overreach the scope of the inventor's contribution to the field of 
art as described in the patent specification." Here the hybrid seed or plant has 
one parent that is a plant of the corn variety 1015036. To that end, to satisfy the 
written description requirement, the inventor "must convey with reasonable clarity 
to those skilled in the art that, as of the filing date sought , he or she was in 
possession of the invention" [emphasis added]. Vas-Cath Inc. v. Mahurkar , 935 
R2d 1555, 1563-64, 19 USPQ2d 1111,1117 (Fed. Cir. 1991). For the foregoing 
reasons it is our opinion that appellant has provided an adequate written 
description of the subject matter set forth in claims 24 and 25. 

We recognize the examiner's argument relating to SSR and isozyme 
markers (Answer, pages 25-29), as well as the examiner's arguments 
concerning a correlation between the hybrid's genome structure and the function 
of the hybrid plant (Answer, pages 23-25). However, for the foregoing reasons, 
we are not persuaded by these arguments. 

Claims 6 and 1 1 

Claims 6 and 11 depend ultimately upon claim 5. On this record, the 
examiner has indicated that claim 5 is allowable. Answer, page 2. 

According to the examiner (Answer, page 8), while the specification 
provides the locus names and allele numbers of the SSR markers, the 
specification does not provide the actual nucleotide sequences that make up the 
markers. According to the examiner (Answer, page 18), "names of loci alone do 
not describe the structures of the markers themselves. Without a description of 
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the sequences of the markers, one cannot confirm their presence." In response, 
appellant points out (Brief, page 26), "the SSR markers were from Cetera 
AgGen, Inc., which provides a commercial service for genotyping of maize 
varieties." In other words, a person of ordinary skill in the art could use the 
commercially available service provided by Celera AgGen, Inc. to determine 
whether a corn plant produced by growing a seed of the corn variety 101 5036 
has an SSR profile which is the same as that shown in Table 6. Therefore, it is 
unclear to this panel why the examiner believes that such a disclosure fails to 
provide adequate written descriptive support for the claimed invention. 14 
Accordingly, we are not persuaded by the examiner's argument. 

Regarding the isozyme typing profile, the examiner finds (Answer, page 
18), "Table 7 provides names of loci where isozyme markers reside, for three 
different corn plants, and a numerical value that represents the numbers of 
alleles at isozyme loci types. The nucleotide sequences that make up these loci 
are not described." In response, appellant points out (Brief, page 26), the 
isozyme "markers are well known and isozyme analysis in general [is] very well 
known having been used for decades." In this regard, we remind the examiner 
that the inquiry into whether the description requirement is met must be 
determined on a case-by-case basis and is a question of fact. In re Wertheim , 
541 F.2d 257, 262, 191 USPQ 90, 96 (CCPA 1976). A description as filed is 

14 We are not persuaded by the examiner's assertion (Answer, page 28) "that the [commercially 
available] service used to detect SSR markers is currently available is not a guarantee that it will 
remain so for the life of a patent issuing from the application." Cf. In re Metcalfe, 410 F.2d 1378, 
1382, 161 USPQ 789, 792-3 (CCPA 1969). 
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presumed to be adequate; unless or until sufficient evidence or reasoning to the 
contrary has been presented by the examiner to rebut the presumption. See 
e.g. , In re Marzocchi , 439 F.2d 220, 224, 169 USPQ 367, 370 (CCPA 1971). 
The examiner, therefore, must have a reasonable basis to challenge the 
adequacy of the written description. Accordingly, it is the examiner who has the 
initial burden of establishing by a preponderance of evidence that a person 
skilled in the art would not recognize in an applicant's disclosure a description of 
the invention defined by the claims. Wertheim , 541 F.2d at 263, 191 USPQ at 
97. On this record, the examiner provides no evidence to support the assertion 
that simply because appellant has not provided the sequences that make up the 
loci for particular isozymes, appellant's specification does not adequately 
describe the claimed invention. Accordingly, we are not persuaded by the 
examiner's argument. 

The examiner finds (Answer, page 37), claims 6 and 1 1 require that the 
claimed plant or plant cell exhibit either the claimed SSR profile or the isozyme 
profile. According to the examiner (jd.), "[t]he genome of the cells of the 1015036 
seed deposited with the ATCC has both the SSR profile and the isozyme typing 
profile shown in Tables 5 and 6 for that plant. No plant is mentioned in the 
specification that has one genetic marker profile but not the other." The 
examiner's concern appears to be misplaced. To the extent that the examiner is 
concerned that the claim is open to read on a plant other than a corn plant 
produced by growing a seed of the com variety 1015036, we remind the 
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examiner that both claims 6 and 1 1 ultimately depend from claim 5 15 , which is 
drawn to M [a] corn plant produced by growing a seed of the corn variety 
1015036...." 

It appears that the examiner may have read claims 6 and 1 1 as drawn to 
a corn plant or plant cell having only one of the recited profiles. However, as we 
understand claims 6 and 1 1 , determining whether the claimed corn plant (claim 
6) or plant cell (claim 11) has one of the profiles does not mean that the plant, or 
plant cell would not also exhibit the other profile. 

In addition, we direct the examiner's attention to claims 6 and 1 1 of 
Appeal No. 2005-0396. As we understand it, notwithstanding differences in the 
SSR and isozyme profiles, the disclosure in the specification as well as the 
language of the claims is substantially similar to that of the instant application. 
Nevertheless, the examiner in Appeal No. 2005-0396 apparently found that 
appellant's specification provided an adequate written description of the claimed 
invention as no rejection of claims 6 and 1 1 was made under the written 
description provision of 35 U.S.C. § 112, first paragraph in Appeal No. 2005- 
0396. Accordingly, we find that the examiner has treated claims 6 and 11 in a 
manner that is inconsistent with the prosecution of similar claims in related 
application 10/077,589, which is the subject matter of Appeal No. 2005-0396. 

For the foregoing reasons, we are not persuaded by the examiner's 
arguments. 



15 The examiner has indicated that claim 5 is allowable. Answer, page 2. 
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Claims 27-30 

According to the examiner (Answer, page 18), "[c]laims 27-30 are drawn 
towards 1015036 plants further comprising a single locus conversion, or wherein 
the single locus was stably inserted into a corn genome by transformation." The 
examiner finds, however, that "the specification does not describe identified or 
isolated single loci for all corn plant traits." Answer, page 19. More specifically, 
the examiner finds (icL), claims 27-30 "broadly encompass single loci that have 
not been discovered or isolated." To the extent that the examiner is asserting 
that appellant has not provided an enabling disclosure of single loci that have not 
been identified, we note that to satisfy the written description requirement, the 
inventor "must convey with reasonable clarity to those skilled in the art that, as of 
the filing date sought , he or she was in possession of the invention" [emphasis 
added]. Vas-Cath . 

Nevertheless, it may be that the examiner's concern (Answer, page 31), is 
that "single loci that alone govern 'yield enhancement' or 'enhanced yield 
stability' have not been discovered." In this regard, the examiner asserts 
(Answer, page 32), "the references cited in the specification do not describe 
isolated single genes or loci that confer yield enhancement or yie(d stability." , 
Therefore, the examiner concludes (id. ), "[ajppellant cannot be in possession of 
plants further comprising single loci that have yet to be identified." The 
examiner, however, provides no evidence to support the assertion that a person 
of ordinary skill in the art would not recognize that single loci for yield 
enhancement or yield stability are known in the art. In this regard, we note that 
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appellant discloses (specification, page 31), w [m]any single locus traits have been 
identified ... examples of these traits include, but are not limited to, ... enhanced 
nutritional quality, industrial usage, yield stability, and yield enhancement." It 
appears that the examiner has overlooked appellant's assertion that single locus 
traits for yield stability and yield enhancement are well known in the art. To this 
end, we direct the examiner's attention to, for example, United States Patent No. 
5,936,145 f145) 16 , issued August 10, 1999, which is prior to the filing date of the 
instant application. For clarity, we reproduce claims 8, 29 and 39 of the '145 
patent below: 

8. A corn plant having all the physiological and morphological 

characteristics of corn plant 87DIA4, a sample of the seed of said corn 
plant having been deposited under ATCC Accession No. 203192. 

29. The corn plant of claim 8, further comprising a single gene conversion. 

39. The single gene conversion of the corn plant of claim 29, where the 
gene confers enhanced yield stability. 

As we understand it, claim 39 of the '145 patent, is drawn to a corn plant which 

comprises a single gene conversion, wherein the gene confers enhanced yield 

stability. Thus, contrary to the examiner's assertion it appears, for example, that 

a single gene that confers enhanced yield stability was known in the art prior to 

the filing date of the instant application. We remind the examiner "a patent need 

not teach, and preferably omits, what is well known in the art." Hybritech 



16 We note that the assignee of the '145 patent is DeKalb Genetics Corporation. The assignee of 
the present application is Monsanto Company, the parent of wholly-owned subsidiary DeKalb 
Genetics Corporation. 
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Incorporated v. Monoclonal Antibodies, Inc. 802 F.2d 1 367, 1 385, 231 USPQ 81 , 
94 (Fed. Cir. 1986). 

We remind the examiner that the inquiry into whether the description 
requirement is met must be determined on a case-by-case basis and is a 
question of fact. Wertheim , 541 F.2d at 262, 191 USPQ at 96. A description as 
filed is presumed to be adequate; unless or until sufficient evidence or reasoning 
to the contrary has been presented by the examiner to rebut the presumption. 
See e.g. , Marzocchi . The examiner, therefore, must have a reasonable basis to 
challenge the adequacy of the written description. Accordingly, it is the examiner 
who has the initial burden of establishing by a preponderance of evidence that a 
person skilled in the art would not recognize in an applicant's disclosure a 
description of the invention defined by the claims. Wertheim , 541 F.2d at 263, 
191 USPQ at 97. On this record, the examiner provides no evidence to support 
the assertion that single loci that govern, for example, yield enhancement or 
enhanced yield stability are not described. 

For the foregoing reasons, we are not persuaded by the examiner's 
arguments. 

Claim 31 

Claim 31 is drawn to a method of producing an inbred corn plant derived 
from the corn variety 1015036. The claimed method begins by crossing a plant of 
the corn variety 1015036 with any other corn plant. The method requires that the 
progeny corn plant be crossed either to itself, or with any other corn plant, and 
that the progeny of this cross be further crossed to itself, or with another corn 
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plant, and so on throughout several generations. As we understand it, claim 31, 
in its simplest form, is directed to a method of using a plant of the corn variety 
1015036 to produce an inbred corn plant. 

Nevertheless, the examiner finds (Answer, page 20), "[a] review of the 
claim indicates that hybrid progeny of corn plant 1015036 are required to perform 
further crosses, and that progeny of subsequent generations can be further 
outcrossed with different corn plants." Therefore, the examiner concludes (id.), 
"[t]he hybrid progeny of corn plant 1015036, and progeny plants of subsequent 
generations, are essential to operate the claimed method." As we understand 
the examiner's argument, not only does appellant have to provide a written 
description of the starting corn plant (1015036), but appellant also must look into 
the future to determine every other potential corn plant that someone may wish 
to cross with the 1015036 corn variety, and provide written descriptive support for 
not only every other corn plant that could be crossed with 1015036, but also the 
resulting progeny of each cross. 

As set forth in Reiffin , the purpose of the written description requirement is 
to "ensure that the scope of the right to exclude, as set forth in the claims does 
not overreach the scope of the inventor's contribution to the field of art as 
described in the patent specification." Here the method of producing an inbred 
corn plant requires a plant of the corn variety 1015036 be used as the starting 
material. To that end, to satisfy the written description requirement, the inventor 
"must convey with reasonable clarity to those skilled in the art that, as of the filing 
date sought , he or she was in possession of the invention" [emphasis added]. 
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Vas-Cath . The examiner has indicated that a claim to a plant of the corn variety 
1015036 is allowable, see e.g. , appellant's claim 5. Therefore, in our opinion, 
there can be no doubt that appellant was in possession of a plant of the corn 
variety 101 5036, in addition to a method of using that plant to cross with any 
other corn plant to produce an inbred corn plant as set forth in appellant's claim 
31. 

In our opinion, it matters not what the other corn plants are, or what the 
progeny of a cross between corn variety 1015036 and some other corn plant 
represents. As the examiner explains (Answer, bridging paragraph, pages 20- 
21), patentability of the method of claim 31 "does not lie in the method steps, 
which require the simple acts of crossing corn plants, allowing progeny seed to 
be produced, and growing progeny plants from the seed...." In our opinion, 
patentability of the method of claim 31 does not lie in the various other or second 
corn plants either. In our opinion, patentiblity of the method of claim 31 lies in 
the use of the corn variety 101 5036. Accordingly, for the foregoing reasons, it is 
our opinion that appellant has M convey[ed] with reasonable clarity to those skilled 
in the art that, as of the filing date sought, [they were] in possession of the 
invention," Vas-Cath (emphasis omitted). 

Summary 

For the foregoing reasons, we reverse the rejection of claims 6,11, 24, 25 
and 27-31 under the written description provision of 35 U.S.C. § 112, first 
paragraph. 
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Enablement : 

Claims 27-30 stand rejected under the enablement provision of 35 U.S.C. 
§ 112, first paragraph. The examiner finds (Answer, page 39), claims 27-30 "are 
broadly drawn towards inbred corn plant 1015036 further defined as having a 
genome comprising any single locus conversion, encoding any trait; or wherein 
the single locus was stably inserted into a corn genome by transformation." The 
examiner presents several lines of argument under this heading. We take each 
in turn. 

I. Retaining all the morphological and physiological traits of 1015036 : 

According to the examiner (Answer, page 38, emphasis added), "the 
specification does not teach any 1015036 plants comprising a single locus 
conversion produced by backcrossing, wherein the resultant plant retains all of 
its morphological and physiological traits in addition to exhibiting the single trait 
conferred by the introduced single locus." With reference to Hunsperger, Kraft, 
and Eshed the examiner asserts (Answer, page 41), M [t]he rejection raises the 
issue of how linkage drag hampers the insertion of single genes alone into a 
plant by backcrossing, while recovering all of the original plant's genome." 

We note, however, that claims 27-30 do not require that the single locus 
conversion plant retain all of the morphological and physiological traits of the 
parent plant in addition to exhibiting the single trait conferred by the introduction 
of the single loci. Nor do claims 27-30 require that the resultant plant retain all of 
the original plant's genome in addition to the single locus transferred into the 
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inbred via the backcrossing technique. As appellant explains (specification, 

bridging paragraph, pages 29-30, emphasis added), 

[t]he term single locus converted plant as used herein refers to 
those corn plants which are developed by a plant breeding 
technique called backcrossing wherein essentially all of the desired 
morphological and physiological characteristics of an inbred are 
recovered in addition to the single locus transferred into the inbred 
via the backcrossing technique. 

See also appellant's definition of single locus converted (conversion) plant at 

page 23 of the specification. We find nothing in the appellant's specification to 

indicate that the single locus converted plant retains all of the morphological and 

physiological traits, or all of the genome, of the parent plant in addition to the 

single locus transferred via the backcrossing technique. Accordingly, we 

disagree with the examiner's construction of claims 27-30 as "directed to exactly 

plant 101 5036, further comprising the single locus," which appears to disregard 

appellant's definition of a single locus converted plant. See Answer, page 43, 

emphasis added. 

The examiner appears to appreciate (Answer, page 43) that appellant's 
specification provides an example of a converted plant. See e.g. , specification, 
pages 35-36. However, for the foregoing reasons, we are not persuaded by the 
examiner's assertion (Answer, page 43) that the specification provides "no 
indication that all of the morphological and physiological traits of [this converted] 
... corn plant were recovered, and that only one single locus was transferred 
from the donor plant." To the contrary, the examiner provides no evidence that 
the converted plant exemplified in appellant's specification did not retain 
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essentially all of the desired morphological and physiological characteristics of 

the inbred in addition to the characteristics conferred by the single locus 

transferred into the inbred via the backcrossing technique. 

Further, we recognize appellant's argument (Brief, page 27) that the 

examiner failed to establish a nexus between Hunsperger's discussion of 

petunias; Kraft's discussion of sugar beets; and Eshed's discussion of tomatoes, 

and the subject matter of the instant application - corn. Absent evidence to the 

contrary, we agree with appellant (idj, the examiner's opinion 17 that the 

references concerning petunias, sugar beets and tomatoes apply to corn is 

unsupported on this record. That the examiner has failed to identify (Answer, 

page 41 ) an example "in the prior art of plants in which linkage drag does not 

occur,- does not mean that linkage drag is expected to occur in corn breeding, 

which according to appellant (Reply Brief, page 10) "is extremely advanced and 

well known in the art...." In this regard, we agree with appellant (Brief, page 28; 

Accord Reply Brief, page 1 1 ), the examiner has improperly placed the burden on 

appellant to demonstrate that the examiner's unsupported assertion is not true. 

We remind the examiner, as set forth in In re Wright , 999 F.2d 1557, 1561-62, 27 

USPQ2d 1510, 1513 (Fed. Cir. 1993): 

When rejecting a claim under the enablement requirement of 
section 112, the PTO bears an initial burden of setting forth a 
reasonable explanation as to why it believes that the scope of 
protection provided by that claim is not adequately enabled by the 
description of the invention provided in the specification of the 
application; this includes, of course, providing sufficient reasons for 

17 See Answer page 41 . wherein the examiner asserts "[l]inkage drag appears to be a 
phenomenon that occurs in all plant types." 
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doubting any assertions in the specification as to the scope of 
enablement. 

II. What plant is transformed in claim 28 ? 

We recognize the examiner's assertion (Answer, page 39) that while claim 
28 requires that a single locus be stably inserted into a corn genome by 
transformation, the claim does not indicate whether (1) the 1015036 plant was 
transformed with the single locus, or (2) some other corn plant was transformed 
with the single locus and then introduced into 1015036 by crossing. However, as 
appellant points out (Brief, page 12), claim 28 "specifies that the single locus was 
stably inserted into a corn genome. Loci that are stably inserted into a corn 
genome are also stably inherited. Thus the single locus need not have been 
inserted into the genome of corn variety 101 5036." Accordingly, the 1015036 
plant may be transformed with the single locus, or another plant may be 
transformed with the single locus and then introduced into 1015036 by crossing. 

It may be that the examiner is concerned that by transforming a non- 
101 5036 plant with a single locus and then introducing this locus into 1015036 by 
crossing would result in a plant that does not retain aj of the morphological and 
physiological traits, or aJl of the genome, of the 101 5036 plant. For the foregoing 
reasons, however, this line of reasoning is not persuasive. 
III. The single locus to be introduced : 

The examiner finds (Answer, page 40), "the claims do not place any limit 
on the single locus to be introduced" into 1015036 plants. The examiner 
recognizes, however, that "[t]he prior art shows that hundreds of nucleotide 



Appeal No. 2004-2317 Page 32 

Application No. 09/771,938 

sequences encoding products that confer various types of plant traits have been 
isolated at the time the instant invention was filed." Id. In addition, the examiner 
recognizes (id.), "[o]ne skilled in the art can transform any of these isolated 
nucleotide sequences known in the prior art into a corn plant cell, and regenerate 
a transgenic plant from the transformed cell." 

Nevertheless, the examiner finds (id.), M [u]ndue experimentation would be 
required by one skilled in the art to isolate single loci that govern the traits 
encompassed by the claims." In this regard, the examiner asserts (Answer, 
page 44) that the claims broadly encompass corn plants comprising any type of 
single loci, including those that have not yet been identified or isolated. To the 
extent that the examiner is asserting that appellant has not provided an enabling 
disclosure of single loci that have not been identified, we note that enablement 
under 35 U.S.C. § 112, first paragraph is evaluated as of appellants filing date. 
As set forth in Chiron Corp. v. Genentech Inc. , 363 F.3d 1247, 1254,70 
USPQ2d 1321, 1325-26 (Fed. Cir. 2004), "a patent document cannot enable 
technology that arises after the date of application. The law does not expect an 
applicant to disclose knowledge invented or developed after the filing date. Such 
disclosure would be impossible. See In re Hogan , 559 F.2d 595, 605-06 [1 94 
USPQ 527] (CCPA1977)." 

The examiner's comment, however, may be directed to his assertion 
(Answer, page 40) that "isolated loci whose products confer yield enhancement 
or enhanced yield stability (recited in claim 30), are not known in the prior art." 
However, as discussed, supra , it appears that contrary to the examinees 
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assertion a single locus that confers the trait of, for example, yield enhancement 
was known in the art prior to the filing date of the instant invention. In addition, 
as discussed, supra , appellant's specification asserts that such traits were known 
in the art. See specification, page 31 . Accordingly, as set forth in In re 
Marzocchi , 439 F.2d 220, 224, 169 USPQ 367, 370 (CCPA 1971), the burden is 
on 

the Patent Office, whenever a rejection on this basis is made, to 
explain why it doubts the truth or accuracy of any statement in a 
supporting disclosure and to back up assertions of its own with 
acceptable evidence or reasoning which is inconsistent with the 
contested statement. Otherwise, there would be no need for the 
applicant to go to the trouble and expense of supporting his 
presumptively accurate disclosure. 

On this record, we find only the examiner's unsupported conclusions as to 
why the specification does not enable the claimed invention. We remind the 
examiner that nothing more than objective enablement is required, and therefore 
it is irrelevant whether this teaching is provided through broad terminology or 
illustrative examples. Marzocchi , 439 F.2d at 223, 169 USPQ at 369. In the 
absence of an evidentiary basis to support the rejection, the examiner has not 
sustained his initial burden of establishing a prima facie case of non-enablement. 
In this regard, we note that the burden of proof does not shift to appellant until 
the examiner first meets his burden. Marzocchi , 439 F.2d at 223-224, 169 
USPQ at 369-370. 

We also recognize the examiner's assertion (Answer, pages 40-41) that 
claims 27-29 "encompass plants with single loci whose functions are unknown," 
or where the effects of expression of the single locus on the traits expressed by 
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1015036 are unknown. While this may be true, the examiner has not provided 
any evidence to suggest that it would require undue experimentation to obtain a 
single locus converted plant wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in addition to the 
characteristics conferred by the single locus transferred into the inbred via the 
backcrossing technique. See specification, page 23. 

While it is not expressly stated in the text of the examiner's rejection, it 
may be that the examiner is concerned that the claims include inoperative 
embodiments. If so, the examiner is directed to Atlas Powder Co. v. E.I. DuPont 
De Nemours & Co. , 750 F.2d 1569, 1576-77, 224 USPQ 409, 414 (Fed. Cir. 
1984): 

Even if some of the claimed combinations were inoperative, the 
claims are not necessarily invalid. "It is not a function of the claims 
to specifically exclude ... possible inoperative substances...." In re 
Dinh-Nquyen , 492 F.2d 856, 859-59, 181 USPQ 46, 48 (CCPA 
1974)(emphasis omitted). Accord , In re Geerdes , 491 F.2d 1260, 
1265, 180 USPQ 789, 793 (CCPA 1974); In re Anderson , 471 F.2d 
1237, 1242, 176 USPQ 331, 334-35 (CCPA 1971). Of course, if 
the number of inoperative combinations becomes significant, and in 
effect forces one of ordinary skill in the art to experiment unduly in 
order to practice the claimed invention, the claims might indeed be 
invalid. See e& t In re Cook , 439 F.2d 730, 735, 169 USPQ 298, 
302 (CCPA 1971). 

On this record, the examiner provides no evidence that the number of 
inoperative embodiments is so large that a person of ordinary skill in the art 
would have to experiment unduly to practice the claimed invention. To the 
contrary, the examiner recognizes (Answer, page 40) that "[t]he prior art shows 
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types of plant traits have been isolated at the time the instant invention was 
filed"; and that "[o]ne skilled in the art can transform any of these isolated 
nucleotide sequences known in the prior art into a corn plant cell, and regenerate 
a transgenic plant from the transformed cell." Accordingly, we are not persuaded 
by the examiner's unsupported assertions. 

For the foregoing reasons, we reverse the rejection of claims 27-30 under 
the enablement provision of 35 U.S.C. § 1 12, first paragraph. 



SUMMARY 

We reverse the rejection of claims 3, 6, 1 1 , 14-20, and 27-30 under 35 
U.S.C. § 1 12, second paragraph. 

We reverse the rejection of claims 6,11, 24, 25 and 27-31 under the 
written description provision of 35 U.S.C. § 1 12, first paragraph. 

We reverse the rejection of claims 27-30 under the enablement provision 
of 35 U.S.C. § 1 12, first paragraph. 



REVERSED 



Toni R. Scheiner 
Administrative Patent Judge 

Donald E. Adams 
Administrative Patent Judge 

S^^G — 

Lora M. Green 
Administrative Patent Judge 
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ABSTRACT 



According to the invention, there is provided an inbred com 
plant designated 87DIA4. This invention thus relates to the 
plants, seeds and tissue cultures of the inbred corn plant 
87DIA4, and to methods for producing a corn plant pro- 
duced by crossing the inbred plant 87DIA4 with itself or 
with another corn plant, such as another inbred. This inven- 
tion further relates to corn seeds and plants produced by 
crossing the inbred plant 87DIA4 with another com plant, 
such as another inbred, and to crosses with related species. 
This invention further relates to the inbred and hybrid 
genetic complements of the inbred corn plant 87D1A4. and 
also to the RFLP and genetic isozyme typing profiles of 
inbred corn plant 87D1A4. 
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INBRED CORN PLANT 87D1A4 AND SEEDS breeding population. Superior plants lhat are the products of 

THEREOF these crosses are selfed and selected in successive genera- 
tions. Each succeeding generation becomes more homoge- 

The present application claims .he priori.y of co-pending as L a J res "' 1 of self-pollination and seleclion. Typically 

US Provisional Patent Application Serial No. 60/037.305, 5 th« method of bre*dmg .nvolvcs five or more gcnera.ums of 

filed Feb. 5, 1997, the eniire disclosure of which is incor- a " d se ' cc,,on: S ^ S = : Sf*» S ^ S m e,c , 

mm rw. j, , After at least five generations, the inbred plant is considered 

porated here.n by reference without disclaimer genetically pure. 

BACKGROUND OF THE INVENTION Backcrossing can also be used to improve an inbred plant. 

J0 Backcrossing transfers a specific desirable trait from one 

I. Technical Field of the Invention inbred or other source to an inbred that lacks lhat trait. This 
The present invention relates to the field of corn breeding. can be accomplished for example by first crossing a superior 

In particular, the invention relates to the inbred corn seed »* rcd ( A ) (recurrent parent) to a donor inbred (non- 

and plant designated 87D1A4, and derivatives and tissue P arenl ). w |» ch carncs * c appropriate gen e(s) for 

. r Z - u j i . the trait in question. The procenv of this cross are then mated 

cultures of such inbred plant. 35 ^ %q ^ KmK ^ parCQl (A) foUowcd bv 

II. Description of the Background Art selection in the resultant progeny for the desired trait to be 
The goal of field crop breeding is to combine various transferred from the non -recurrent parent. After five or more 

desirable traits in a single variety/hybrid. Such desirable backcross generations with selection for the desired trait, the 
traits include greater yield, better stalks, better roots, resis- progeny are heterozygous for loci controlling the character- 
lance to insecticides, herbicides, pests, and disease, toler- 20 istic being transferred, bui are like the superior parent for 
ance to heat and drought, reduced time to crop malurily, mosl or almost all other genes. The last backcross generation 
better agronomic quality, and uniformity in germination w °"ld be selfed to give pure breeding progeny for the 
limes, stand establishment, growth rale, maturity, and fruil g^ne(s) being transferred. 

^. ' A single cross hybrid corn variety is ihe cross of two 

" , . . . * j f , «.,k*w« 25 inbred planls, each of which has a eenoiype which comple- 

Breeding techniques take advantage of a plant method ^ ^ of ^ oihcf ^ ^ 

ofiwllination. There are two general methods of pollination: ^ a|ion ^ designaled F Preferred F, hybrids are 

a plant self-poll inaies if pollen from one flower is transferred morc ^ gorous (han lhcir inbred parcn ^ hybrid vigort 

to the same or another flower of the same plant. A plant or hclcrosis> ^ manifested in many polygenic irails, includ- 

cross-pollinates if pollen comes to il from a flower on a ^ ing markedly improved higher yields, better stalks, belter 

different plant. roots, belter uniformity and belter insect and disease resis- 

Corn plants (Zea mays L.) can be bred by bolh self- lance. In the development of hybrids only the F 3 hybrid 

pollination and cross-pollination. Both types of pollination plants are soughl. An ¥ } single cross hybrid is produced 

involve the corn plant's flowers. Corn has separate male and when two inbred plants are crossed. A double cross hybrid 

female flowers on the same plant, located on the tassel and is produced from four inbred plants crossed in pairs (AxB 

Ihe ear, respectively. Natural pollination occurs in corn when and CxD) and Iben the two F a hybrids are crossed again 

wind blows pollen from the lasscls to the silks lhat protrude (AxB)x(CxD). 

from the lops of the ear shoot. The development of a hybrid corn variety involves three 

„, ... , if || * « j i . steps: (1) the selection of plants from various germplasm 

Plants that have been self-poll.na.ed and selected for type ^ W ^ ^ 

over many generauoos become homozygous a. almost all w J^,^ , Q ^ , ^ of ^ , M 

gene loct and produce a uniform population ot true breeding °„ b h differcn , from eacb otheri each breed 

true and are 

progeny, a homozygous plant. A cross between two such hj . u umform; and (3) crossing lhe sc l C cied inbred plants 
homozygous plants produce a uniform population of hybnd wilb unrclatcd inbrcd planls lo prodllC e the hybrid progeny 
plants that are heterozygous for many gene loci. Conversely, During the inbreeding process in corn, the vigor of the 
a cross of two plants each heterozygous at a number of gene 45 p i ams decreases. Vigor is restored when iwo unrelated 
loci produces a population of hybrid plants thai differ inbred plants are crossed to produce ihe hybrid progeny (Fj). 
genetically and are not uniform. The resulting non- An important consequence of the homozygosity and homo- 
uniformity makes performance unpredictable. geneity of the inbrcd plants is that the hybrid between any 

The development of uniform corn planl hybrids requires two inbreds is always the same. Once the inbreds that give 
the development of homozygous inbred plants, the crossing 50 a superior hybrid have been identified, hybrid seed can be 
of these inbred plants, and the evaluation of the crosses. reproduced indefinitely as long as the homogeneity of ihe 
Pedigree breeding and recurrent selection are examples of inbred parents is maintained. Conversely, much of the 
breeding methods used to develop inbred planls from breed- hybrid vigor exhibited by Fj hybrids is lost in the next 
ing populations. Those breeding methods combine the generation (FJ. Consequently, seed from hybrid varieties is 
genetic backgrounds from two or more inbred plants or 55 not used for planting slock. It is not generally beneficial for 
various other broad-based sources into breeding pools from farmers lo save seed of F a hybrids. Rather, farmers purchase 
which new inbred plants are developed by selling and F, hybrid seed for planting every year, 
selection of desired phenotypes. The new inbreds are North American farmers plant over 70 million acres of 
crossed with other inbred planls and lhe hybrids from these corn al the present lime and there are extensive national and 
crosses are evaluated to delermine which of those have $o international commercial corn breeding programs. A con- 
commercial potential. tinning goal of these corn breeding programs is to develop 

The pedigree breeding method for single-gene traits high-yielding com hybrids that are based on stable inbred 

involves crossing two genotypes. Each genotype can have plants that maximize the amount of grain produced and 

one or more desirable characteristics lacking in lhe other; or, minimize susceptibility lo environmental stresses. To 

each genotype can complement lhe other. If tbe two original 65 accomplish this goal, the corn breeder musl select and 

parental genotypes do not provide all of tbe desired develop superior inbred parental plants for producing 

characteristics, other genotypes can be included in the hybrids. 
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SUMMARY OF THE INVENTION 

In one aspecl, the present invention provides a corn plant 
designated 87DI A4. Also provided are com plants having all 
the physiological and morphological characteristics of corn 
plant 87DIA4. 

"The inbred com plant of the invention may further 
comprise, or have, a cytoplasmic factor that is capable of 
conferring male sterility. Parts of the com plant of the 
present invention are also provided, such as, e.g., pollen 
obtained from an inbred plant and an ovule of the inbred 
plant. 

The invention also concerns seed of the com plant 
87D1A4, which has been deposited \viih the ATCC. The 
invention thus provides inbred corn seed designated 
87D1A4, and having ATCC Accession No. 203192. 

The inbred com seed of the invention may be provided as 
an essentially homogeneous population of inbred corn seed 
designated 87D1A4. 

Essentially homogeneous populations of inbred seed are 
those that consist essentially of the particular inbred seed, 
and are generally purified free from substantial numbers of 
other seed, so that the inbred seed forms between about 90% 
and about 300% of tbe total seed, and preferably, between 
about 95% and about 100% of tbe total seed. Most 
preferably, an essentially homogeneous population of inbred 
corn seed will contain between about 98.5%, 99%, 993% 
and about 100% of inbred seed, as measured by seed grow 
outs. 

In any event, even if a population of inbred com seed was 
found, for some reason, to contain about 50%, or even about 
20% or 15% of inbred seed, Ibis would still be distinguished 
from the small fraction of inbred seed that may be found 
within a population of hybrid seed, e.g., within a bag of 
" hybrid seed. In such a bag of hybrid seed offered for sale, the 
Governmental regulations require that the hybrid seed be at 
least about 95% of the total seed. In the practice of the 
present invention, the hybrid seed generally forms at least 
about 97% of the total seed. In the most preferred practice 
of the invention, the female inbred seed that may be found 
within a bag of hybrid seed will be about 1% of the total 
seed, or less, and the male inbred seed Ibat may be found 
within a bag of hybrid seed will be negligible, i.e., will be 
on the order of about a maximum of 1 per 100,000, and 
usually less than this value. 

Tbe population of inbred com seed of the invention is 
further particularly defined as being essentially free from 
hybrid seed. The inbred seed population may be separately 
grown to provide an essentially homogeneous population of 
inbred corn plant designated 87DIA4. 

In another aspect, the present invention provides for 
single gene converted plants of 87D1A4. The single trans- 
ferred gene may preferably be a dominant or recessive allele. 
Preferably, the single transferred gene will confer such traits 
as male sterility, herbicide resistance, insect resistance, 
resistance for bacterial, fungal, or viral disease, male 
fertility, enhanced nutritional quality, and industrial usage. 
The single gene may be a oaturally occurring maize gene or 
a transgene introduced through genetic engineering tech- 
niques. 

In another aspect, the present invention provides a tissue 
culture of regenerable cells of inbred corn plant 87D1A4. 
The tissue culture will preferably be capable of regenerating 
plants having the physiological and morphological charac- 
teristics of the foregoing inbred com plant, and of regener- 
ating plants having substantially the same genotype as the 
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foregoing inbred corn plant. Preferably, the regenerable cells 
in such tissue cultures will be embryos, protoplasts, mer- 
istematic cells, callus, pollen, leaves, anthers, roots, root 
tips, silk, flowers, kernels, ears, cobs, husks or stalks. Still 

5 . further, the present invention provides corn plants regener- 
ated from the tissue cultures of the invention. 

In yet another aspect, the present invention provides 
processes for preparing corn seed or plants, which processes 
generally comprise crossing a first parent corn plant with a 

10 second parent corn plant, wherein at least one of the first or 
second parent corn plants is the inbred com plant designated 
87DIA4. These processes may be further exemplified as 
processes for preparing hybrid com seed or plants, wherein 
a first inbred com plant is crossed with a second, distinct 

i- s inbred corn plant to provide a hybrid that has. as one of its 
parents, the inbred corn plant 87DIA4. 

In a preferred embodiment, crossing comprises planting, 
in pollinating proximity, seeds of the first and second parent 
corn plant, and preferably, seeds of a first inbred corn plant 

20 and a second, distinct inbred corn plant; cultivating or 
growing the seeds of said first and second parent com plants 
into plants that bear flowers; emasculating the male flowers 
of the first or second parent corn plant, i.e., treating the 
flowers so as to prevent pollen production, in order to 

25 produce an emasculated parent com plant; allowing natural 
cross-pollination to occur between the first and second 
parent corn plants; and harvesting the seeds from the emas- 
culated parent corn plant. Where desired, the harvested seed 
is grown to produce a corn plant or hybrid corn plant. 

Tbe present invention also provides corn seed and plants, 
produced by a process that comprises crossing a first parent 
corn plant with a second parent corn plant, wherein at least 
one of the first or second parent com plants is the inbred corn 

^ 5 plant designated 87DIA4. In one embodiment, corn plants 
produced by the process are first generation (Fj) hybrid corn 
plants produced by crossing an inbred in accordance with 
the invention with another, distinct inbred. The present 
invention further contemplates seed of an F A hybrid com 

40 P ,an '- 

In certain exemplary embodiments, the invention pro- 
vides an F a hybrid corn plant and seed thereof, which hybrid 
corn plant is designated 4033843, having 871DIA4 as one 
inbred parent. 

45 In yet a further aspecl, the invention provides an inbred 
genetic complement of the com plant designated 87DIA4. 
The phrase "genetic complement" is used to refer to the 
aggregate of nucleotide sequences, the expression of which 
sequences defines the phenotype of, in the present case, a 

50 corn plant, or a cell or tissue of that plant. An inbred genetic 
complement thus represents the genetic make up of an 
inbred cell, tissue or plant, and a hybrid genetic complement 
represents the genetic make up of a hybrid cell, tissue or 
plant. The invention thus provides com plant cells that have 

55 a genetic complement in accordance with the inbred com 
plant cells disclosed herein, and plants, seeds and diploid 
plants containing such cells. 

Plant genetic complements may be assessed by genetic 
marker profiles, and by the expression of phenotypic traits 

60 that are characteristic of the expression of the genetic 
complement, e.g., isozyme typing profiles. Thus, such corn 
plant cells may be defined as having an RFLP genetic 
marker profile in accordance with the profile shown in Table 
8, or a genetic isozyme typing profile in accordance with the 

65 profile shown in Table 9, or having both an RFLP genetic 
marker profile and a genetic isozyme typing profile in 
accordance with the profiles shown in Tables 8 and 9. 
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In another aspect, the present invention provides hybrid 
genetic complements, as represented by corn plant cells, 
lissues, plants and seeds, formed by the combination of a 
haploid genetic complement of an inbred corn plant of the 
invention with a haploid genetic complement of a second 5 
corn plant, preferably, another, distinct inbred com plant. In 
another aspect, the present invention provides a corn plant 
regenerated from a tissue culture that comprises a hybrid 
genetic complement of this invention. 

JO 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
L DEFINITIONS 

Barren Plants: Plants that are barren, i.e., lack an ear with 

grain, or have an ear with only a few scattered kernels. i5> 
Cg: Colletotrichum graminicola rating. Rating times 10 is 

approximately equal to percent total plant infection. 
CLN: Corn Lethal Necrosis (combination of Maize 

(Chlorotic Mottle Virus and Maize Dwarf Mosaic 

virus) rating: numerical ratings are based on a severity 20 

scale where Inmost resistant to 9-=susceplible. 
Cn: Corynehaaerium nebraskense rating. Rating times 10 

is approximately equal to percent total plant infection. 
Cz: Cercospora zeae-maydis rating. Rating times 10 is ^ 

approximately equal to percent total plant infection. 
Dgg: Diatraea grandiosella girdling rating (values are 

percent plants girdled and stalk lodged). 
Dropped Ears: Ears that have fallen from the plant lo the 

ground. 30 
Dsp: Diabrotica species root ratings (1-= least affected to 

9«=severe pruning). 
Ear-Attitude: The altitude or position of the ear at harvest 

scored as upright, horizontal, or pendant. 
Ear-Cob Color: The color of the cob, scored as white, 35 

pink, red, or brown. 
Ear-Cob Diameter: The average diameter of the cob 

measured at the midpoint. 
Ear-Cob Strength: A measure of mechanical strength of 

the cobs to breakage, scored as strong or weak. 
Ear-Diameter: The average diameter of the ear at its 

midpoint. 

Ear-Dry Husk Color: The color of the husks at harvest 

scored as buff, red, or purple. 45 
Ear-Fresh Husk The color of the husks 1 to 2 weeks after 

pollination scored as Color: green, red, or purple. 
Ear-Husk Bract: The length of an average husk leaf scored 

as short, medium, or long. 
Ear-Husk Cover: The average distance from the lip of the 50 

ear lo the lip of the husks. Minimum value no less than 

zero. 

Ear-Husk Opening: An evaluation of husk tightness at 
harvest scored as light, intermediate, or open. 

Ear-Length: The average length of the ear. 

Ear-Number Per The average number of ears per plant. 
Stalk: 

Ear-Shank The average number of inlernodes on the ear 

shank. Inlernodes: 
Ear-Shank Length: The average length of the ear shank. 
Ear-Shelling Percent: The average of the shelled grain 

weight divided by the sum of the shelled grain weight 

and cob weight for a single ear. 
Ear-Silk Color: The color of the silk observed 2 to 3 days 65 

after silk emergence scored as green-yellow, yellow, 

pink, red, or purple. 
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Ear-Taper (Shape): The taper or shape of the ear scored as 

conical, semi-conical, or cylindrical. 
Ear-Weight: The average weight of an ear. 
Early Stand: The percent of plants thai emerge from the 

ground as determined in the early spring. 
ER: Ear rot rating (values approximate percent ear rotted). 
Final Stand Counl: The number of plants just prior to 

harvest. 

GDUs to Shed: The number of growing degree units 
(GDUs) or heat units required for an inbred line or 
hybrid to have approximately 50 percent of the plants 
shedding pollen as measured from time of planting. 
Growing degree units are calculated by the Barger 
Method, where the heat units for a 24-hour period are 
calculated as GDUs-[Maximura daily temperature* 
Minimum daily iemperaiure)/2]-50. The highest maxi- 
mum daily temperature used is 86 degrees Fahrenheit 
and the lowest minimum temperature used is 50 
degrees Fahrenheit. GDUs to shed is then determined 
by summing the individual daily values from planting 
date to the dale of 50 percent pollen shed. 

GDUs to Silk: The number of growing degree units for an 
inbred line or hybrid to have approximately 50 percent 
of the plants with silk emergence as measured from 
time of planting. Growing degree units are calculated 
by the same methodology as indicated in the GDUs 10 
shed definition. 

Hc2: Helminthosporium carbonum race 2 rating. Rating 
limes 10 is approximately equal lo percent toial plant 
infection. 

Hc3: Helminthosporium carbonum race 3 rating. Rating 
times 10 is approximately equal to percent total plant 
infection. 

Hm: Helminthosporium maydis race 0 rating. Rating 
limes 10 is approximately equal to percent total plant 
infection. 

Htl: Helminthosporium turcicum race 1 rating. Rating 
limes 10 is approximately equal to percent total plant 
infection. 

Hl2: Helminthosporium turcicum race 2 rating. Rating 
times 10 is approximately equal to percent total plant 
infection: 

HtG: +-Presence of Ht chlorotic-Iesion lype resistance. 
Rating times 10 is approximately equal to percent lolal 
plant infection. —Absence of a Hi chlorotic-Iesion 
type resistance. Rating times 10 is approximately equal 
to percent lotal plant infection. +/- ^Segregation of a Hi 
chlorotic-Iesion type resistance. Rating limes 10 is 
approximately equal lo percent lotal plant infection. 

Kernel- Aleurone The color of the aleurone scored as 
white, pink, tan, brown, Color bronze, red, purple, pale 
purple, colorless, or variegated. 

Kernel-Cap Color: The color of the kernel cap observed 
at dry stage, scored as white, lemon-yellow, yellow or 
orange. 

Kernel-Endosperm The color of the endosperm scored as 

while, pale yellow, or Color: yellow. 
Kernel-Endosperm The type of endosperm scored as 

normal, waxy, or opaque. Type: 
Kernel-Grade: The percent of kernels that are classified as 

rounds. 

Kernel-Length: The average distance from the cap of the 

kernel to the pedicel. . 
Kernel-Number Per The average number of kernels in a 

single row. Row: 
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Kernel-Pericarp The color of (be pericarp scored as 

colorless, red- while crown, tan, Color: bronze, brown, 

light red, cherry red, or variegated. 
Kernel-Row The direction of the kernel rows on the ear 

scored as straight, Direction: slightly curved, spiral, or * 

indistinct (scattered). 
Kernel-Row Number: The average number of rows of 

kernels on a single ear. 
Kernel-Side Color: The color of the kernel side observed 

at the dry stage, scored as while, pale yellow, yellow, 

orange, red, or brown. 
Kernel-Thickness: The distance across the narrow side of 

the kernel. 

Kernel-Type: The type of kernel scored as denl, flint, or 3 < 
intermediate. 

Kernel- Weight: The average weight of a predetermined 

number of kernels. 
Kernel-Width: The distance across the flat side of the 

kernel. 20 
Kz: Kabariella zeae rating. Rating times 10 is approxi- 
mately equal to percent total plant infection. 
Leaf- Angle: Angle of the upper leaves to the stalk scored 

as upright (0 to 30 degrees), intermediate (30 to 60 

degrees), or lax (60 to 90 degrees). 
Leaf-Color: The color of the leaves 1 to 2 weeks after 

pollination scored as light green, medium green, dark 

green, or very dark green. 
Leaf- Length: The average length of the primary ear leaf. ^ 
Leaf- Longitudinal A rating of the number of longitudinal 

creases on the leaf surface 1 Creases: to 2 weeks after 

pollination- Creases arc scored as absent, few, or many. 
Leaf-Marginal A rating of the waviness of the leaf margin 

1 lo 2 weeks after Waves: pollination. Rated as none, 35 

few, or many. 

Leaf-Number: The average number of leaves of a mature 
plant. Counting begins with the cotyledonary leaf and 
ends wilh the flag leaf. 

Leaf-Sheath A rating of the level of anthocyanin in the 40 
leaf sheath 1 to 2 weeks An thocyanin: after pollination, 
scored as absent, basal-weak, basal-strong, weak or 
strong. 

Leaf-Sheath A rating of the pubescence of the leaf sheath. 

Ratings are taken 1 Pubescence: to 2 weeks after 45 

pollination and scored as light, medium, or heavy. 
Leaf- Width: The average width of the primary ear leaf 

measured at its widest point. 
LSS: Late season stand ability (values times 10 approxi- ^ 

male percent plants lodged in disease evaluation plots). 
Moisture: The moisture of the grain at harvest. 
Onl: Osirinia nubilalis 1st brood rating (1 -resistant lo 

9«=susceptiblc). 

On2: Osirinia nubilalis 2nd brood rating ( 1 «= resistant to 55 
9-susceptible). 

Relative Maturity: A maturity rating based on regression 
analysis. The regression analysis is developed by uti- 
lizing check hybrids and their previously established 
day rating versus actual harvest moistures. Harvest 60 
moisture on the hybrid in question is determined and 
that moisture value is inserted into the regression 
equation to yield a relative maturity. 

Root Lodging: Root lodging is the percentage of plants 
that root lodge. A plant is counted as root lodged if a 65 
portion of the plant leans from the vertical axis by 
approximately 30 degrees or more. 



Seedling Color Color of leaves at the 6 to 8 leaf stage. 

Seedling Height: Plant height at the 6 lo 8 leaf stage. 

Seedling Vigor: A visual rating of the amount of vegeta- 
tive growth on a 1 lo 9 scale, where 1 equals best. The 
score is taken when the average entry in a trial is at the 
fifth leaf stage. 

Selection Index: The selection index gives a single mea- 
sure of hybrid's worth based on information from 
multiple traits. One of the trails that is almost always 
included is yield. Trails may be weighted according 10 
the level of importance assigned to them. 

Sr: Sphacelotheca reiliana rating is actual percent infec- 
tion. 

Stalk- Anthocyanin: A rating of the amounl of anthocyanin 
pigmentation in the stalk. The stalk is rated 1 lo 2 weeks 
after pollination as absent, basal -weak, basal -strong, 
weak, or strong. 

Stalk-Brace Root The color of the brace roots observed 1 
to 2 weeks after pollination Color: as green, red, or 
purple. 

Stalk-Diameter: The average diameter of the lowest vis- 
ible internode of the sialk. . 

Stalk-Ear Height: The average height of the ear measured 
from the ground to the point of attachment of the ear 
shank of the top developed ear to the stalk. 

Stalk-lnternode The direction of the stalk internode 
observed after pollination as Direction: straight or 
zigzag. 

Stalk-lnternode The average length of the internode above 
the primary ear. Length: 

Stalk Lodging: The percentage of plants that did stalk 
lodge. Plants are counted as stalk lodged if the plant is 
broken over or off below the ear. 

Stalk-Nodes With The average number of nodes having 
brace roots per plant. Brace Roots: 

Stalk-Plant Height: The average height of the plant as 
measured from the soil to the tip of the tassel. 

Stalk-Tillers: The percent of plants that have tillers. A 
tiller is defined as a secondary shoot that has developed 
as a tassel capable of shedding pollen. 

Staygreen: Staygreen is a measure of general plant health 
near the time of black layer formation (physiological 
maturity). It is usually recorded at the time the car 
busks of most entries within a trial have turned a mature 
color. Scoring is on a 1 lo 9 basis where 1 equals best. 

STR: Stalk rot rating (values represent severity rating of 
1«25 percent of inoculated internode rotted to 9-cntirc 
stalk rotted and collapsed). 

SVC: Southeastern Virus Complex combination of Maize 
Chlorolic Dwarf Virus and Maize Dwarf Mosaic Virus) 
rating; numerical ratings are based on a severity scale 
where l«most resistant lo 9*=susccptible (1988 reac- 
tions arc largely Maize Dwarf Mosaic Virus reactions). 

Tassel-Anther Color: The color of the anthers at 50 
percent pollen shed scored as green-yellow, yellow, 
pink, red, or purple. 

Tassel-Attitude: The attitude of the tassel after pollination 
scored as open or compact. 

Tassel-Branch Angle: The angle of an average tassel 
branch to the main stem of the tassel scored as upright 
(less than 30 degrees), intermediate (30 to 45 degrees), 
or lax (greater than 45 degrees). 

Tassel-Branch The average number of primary tassel 
branches. Number 
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Tassel-Glume Band: The closed anlhocyanin band ai the 
base of the glume scored as present or absent. 

Tassel-Glume Color: The color of the glumes at 50 
percent shed scored as green, red, or purple. 

Tassel-Length: The length of the tassel measured from the 5 
base of the bottom tassel branch to the tassel lip. 

Tassel-Peduncle The average length of the tassel 
peduncle, measured from the base Length: of the flag 
leaf to the base of the bottom tassel branch. 

Tassel-Pollen Shed: A visual rating of pollen shed deter- 
mined by tapping the tassel and observing the pollen 
flow of approximately five plants per entry. Rated on a 
1 to 9 scale where 9=sterile, l-most pollen. 

Tassel-Spike Length: The length of the spike measured 35 
from the base of the lop tassel branch lo the tassel tip. 

Test Weight: The measure of the weight of the grain in 
pounds for a given volume (bushel) adjusted to 15.5 
percent moisiure. 

Yield: Yield of grain at harvest adjusted to 15.5 percents 20 
moisture. 
II. OTHER DEFINITIONS 

Allele is any of one or more alternative forms of a gene, 
all of which alleles relate to one trait or characteristic. In a 
diploid cell or organism, the two alleles of a given gene 25 
occupy corresponding loci on a pair of homologous chro- 
mosomes. 

Backcrossing is a process in which a breeder repeatedly 
crosses hybrid progeny back to one of the parents, for ^ 
example, a first generation hybrid (FJ with one of the 
parental genotypes of the Fl hybrid. 

Chromatography is a technique wherein a mixture of 
dissolved substances are bound to a solid support followed 
by passing a column of fluid across the solid support and 35 
varying the composition of the fluid. The components of the 
mixture are separated by selective elution. 

Crossing refers to the mating of iwo parent plants. 

Cross-pollination refers to fertilization by the union of 4Q 
two gametes from different plants. 

Diploid refers to a cell or organism having two sets of 
chromosomes. 

Electrophoresis is a process by which particles suspended 
in a fluid are moved under the action of an electrical field, 45 
and thereby separated according lo their charge and molecu- 
lar weight. This method of separation is well known to those 
skilled in the art and is typically applied to separating 
various forms of enzymes and of DNA fragments produced 
by restriction endonuc leases. 

Emasculate refers to the removal of plant male sex organs. 

Enzymes are organic catalysts that can exist in various 
forms called isozymes. 

Fj Hybrid refers to the first generation progeny of the 55 
cross of two plants. 

Genetic Complement refers to an aggregate of nucleotide 
sequences, the expression of which sequences defines the 
phenotype in com plants, or components of plants including 

... 60 

cells or tissue. 

Genotype refers to the genetic constitution of a cell or 
organism. 

Haploid refers to a cell or organism having one set of the 
two sets of chromosomes in a diploid. 65 

Isozymes are one of a number of enzymes which catalyze 
the same reactions) but differ from each other, e.g., in 



10 

primary structure and/or eiectrophoretic mobility. The dif- 
ferences between isozymes arc under single gene, codomi- 
nant control. Consequently, elecirophoretic separation to 
produce band patterns can be equaled to different alleles at 
the, DNA level. Structural differences that do not aller 
charge cannot be delected by this method. 

Isozyme typing profile refers to a profile of band patterns 
of isozymes separated by electrophoresis lhat can be equated 
lo different alleles at the DNA level. 

Linkage refers to a phenomenon wherein alleles on the 
same chromosome lend 10 segregate together more often 
than expected by chance if their transmission was indepen- 
dent. 

Marker is a readily detectable phenotype, preferably 
inherited in codominant fashion (both alleles at a locus in a 
diploid heterozygote are readily detectable), with no envi- 
ronmental variance component, i.e., heritability of 1. 

87DIA4 refers to the corn plant from which seeds having 
ATCC Accession No. 203192 were obtained, as well as 
plants grown from those seeds. 

Phenotype refers 10 ihe delectable characteristics of a cell 
or organism, which characteristics are the manifestation of 
gene expression. 

Quantitative Trait Loci (QTL) refer to genetic loci thai 
control to some degree numerically rcpresentable traits lhat 
are usually continuously distributed. 

Regeneration refers to the development of a plant from 
tissue culture. 

RFLP genetic marker profile refers to a profile of band 
patterns of DNA fragment lengths typically separated by 
agarose gel electrophoresis, after restriction endonuclease 
digestion of DNA. 

Self-pollination refers to the transfer of pollen from ihe 
anlher lo the stigma of Ihe same plant. 

Single Gene Converted (Conversion) Plant refers to plants 
which are developed by a plant breeding technique called 
backcrossing wherein essentially all of the desired morpho- 
logical and physiological characteristics of an inbred are 
recovered in addition to the single gene transferred into the 
inbred via the backcrossing technique. 

Tissue Culture refers lb a composition comprising iso- 
lated cells of the same or a different type or a collection of 
such cells organized into parts of a plant. 

The following examples are included to demonstrate 
preferred embodiments of the invention. It should be appre- 
ciated by those of skill in the art that the techniques 
disclosed in the examples that follow represent techniques 
discovered by the inventor to function well in the practice of 
the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreciate 
lhat many changes can be made in the specific embodiments 
thai arc disclosed and still obtain a like or similar result 
without departing from the spirit and scope of the invention. 
III. INBRED CORN PLANT 87DIA4 

In accordance with one aspect of the present invention, 
there is provided a novel inbred com plant, designated 
87DIA4. Inbred corn plant 87D1A4 is a yellow, dent corn 
inbred that can be compared to inbred corn plants 2FACC, 
3AZA1, and AQA3, all of which are proprietary inbreds of 
DEKALB Genetics Corporation. 87DIA4 differs signifi- 
cantly (at the 1%, 5%, or 10% level) from these inbred lines 
in several aspects (Table 1 , Table 2, and Table 3). 
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TABLE 1 

COMPARISON OF 87DIA4 WITH 2FACC 



INBRED 



BARREN 

% 



DROP 
% 



EHT 




MST 


PHT 


RTL 


SHED 


SILK 


STL 


YLD 


INCH 


FINAL 


% 


INCH 


% 


GDU 


GDU 


% 


BU 


24.3 


62.4 


17.8 


57.0 


0.2 


3363.1 


1357.1 


8.2 


65.1 


. 29.5 


62.0 


23.9 


67.1 


13 


1482.6 


14813 


5.8 


77.4 


-5.2 


0.4 


-6.] 


-10.1 


-3.3 


-319.5 


-124.4 


2.4 


-123 


8 


15 


14 


8 


14 


8 


8 


13 


13 


0.00" 


0.84 


0.00" 


o.oo- 


0.40 


o.oo- • 


0.00" 


036 


o.or 



87D1A4 
2FACC 
DIFF 
« LOC 
P VALUE 



0.3 
0.4 

-0.1 

J5 
0.88 



0.1 
0.6 

-0.5 

33 
0.65 



Significance levels are indicated as: 

♦ - 10 percent, 

• • 5 percent. 
•■ - 1 percent. 
Legend Abbreviations: 

BARREN % - Barren Plants (percent) 
DROP **> - Dropped Ears (percent) 
EHT INCH - Ear Height (inches) 
FINAL - Final Staod 
MST *b - Moisture (percent) 
PHT INCH - Plant Height (inches) 
RTL % - Root Lodging (percent) 
SHED GDU - GDUs to Shed 
SILK GDU - GDUS to Stik 
STL % - Stalk Lodging (percent) 
YLD BU - Yield (bushels/acre) 



TABLE 2 

COMPARISON OF 87DIA4 WITH 3A2A1 





BARREN 


DROP 


EHT 




MST 


PHT 


RTL 


INBRED 


% 


% 


INCH 


FINAL 


% 


INCH 


% 


87DIA4 


0.3 


0.1 


24.3 


62.4 


17.8 


57.0 


03 


3A2A1 


3.3 


3.6 


23.6 


62.0 


15.9 


58.4 


0.3 


DIFF 


-0.8 


-3.5 


0.7 


0.4 


1.9 


-3.4 


0.3 


# LOC 


35 


13 


8 


15 


14 


8 

0.48 


34 


P VALUE 


0.41 


0.39 


0.66 


0.84 


0.33 


0.94 



SHED SILK STL YLD 
GDU GDU % BU 



1363.1 1357.1 8.2 65.1 

1322.6 1323.2 8.4 41.1 

40.5 35.9 -0.2 24.0 

8 8 13 13 

0.00" 0.03- 0.94 0.00- 



Significancc levels are indicated as: 

♦ - 10 percent, 

• - 5 percent, 

- 1 percent 
Legend Abbreviations: 
BARREN - Barren Plants (percent) 
DROP % - Dropped Ears (perccnl) 
EHT INCH - Ear Height (inches) 
FINAL - Final Stand 
MST *&> - Moisture (percent) 
PHT INCH - Plant Height (inches) 
RTL % - Root Lodging (percent) 
SHED GDU - GDUs to Shed 
SILK GDU - GDUS to Silk 
STL % - Stalk Lodging (percent) 
YLD BU - Yield (bushels/acre) 



TABLE 3 



COMPARISON OF 87DIA4 WITH AOA3 





BARREN 


DROP 


EHT 




MST 


PHT 


RTL 


SHED 


SILK 


STL 


YLD 


INBRED 


% 


% 


INCH 


FINAL 


% 


INCH 


% 


GDU 


GDU 




BU 


87DIA4 


03 


0.1 


24.3 


614 


17.8 


57.0 


0.2 


3363.3 


3357.3 


8.2 


65.3 


AQA3 


0.4 


03 


25.9 


6X7 


34.4 


58.3 


3.0 


3356.2 


3348.6 


35.2 


35.7 


DIFF 


-0.1 


-0.4 


-1.6 


-0.3 


3J 


-3.3 


-0.8 


6.9 


83 


-7.0 


29.4 
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TABLE 3-continued 









COMPARISON OF 87DIA4 WITH AQA5 










INBRED 


BARREN 
% 


DROP 

% 


EHT MST PHT RTL 
INCH FINAL % INCH % 


SHED 
GDU 


SILK 
GDU 


STL 


YLD 
BU 


* LOC 
P VALUE 


15 

0.86 


3? 
0.72 


8 15 14 8 14 
0.34 0.86 0.00"* 0.58 0.56 


8 

0.64 


8 

0.61 


10 

o.oi- 


15 

o.oo- • 



Significance leveb arc indicated as: 

4-10 percent.. 

• - 5 percent, 

•* - 1 percent. 

Legend Abbreviations: 

BARREN % - Barren Plants (percent) 

DROP % - Dropped Ears (percent) 

EHT INCH - Ear Height (inches) 

FINAL - Final Stand 

MST % - Moisture (percent) 

PHT INCH - Plant Height (inches) 

RTL % - Root Lodging (percent) 

SHED GDU - GDUs to Shed 

SILK GDU - GDUS to Silk 

STL % - Sulk Lodging (percent) 

YLD BU - Yield (bushels/acre) 



A. ORIGIN AND BREEDING HISTORY 

Inbred plant 87D1 A4 was derived from the cross between 
a line derived from 2FACC and 3AZA1. 

87D1A4 shows uniformity and stability within the limits 
of environmental influence for the traits described herein- 
after in Table 4. 87DIA4 has been self-pollinated and 
ear-rowed a sufficient number of generations with careful 
attention paid lo uniformity of plant type to ensure homozy- 
gosity and phenol ypic stability. No variant trails have been 
observed or are expected in 87DIA4. 

A deposit of 2500 seeds of plant designated 87D1A4 has 
been made with I he American Type Culture Collection 
(ATCC), Rockville Pike, Bcthesda, Md. on Sep. 11, 1998. 
Those deposited seeds have been assigned Accession No. 
203192. The deposit was made in accordance with the terms 
and provisions of the Budapest Treaty relating lo deposit of 
microorganisms and is made for a term of at least thirty (30) 
years and at least five (05) years after the most recent request 
for the furnishing of a sample of the deposit was received by 
the depository, or for the effective term of the patent, 
whichever is longer, and will be replaced if it becomes 
non-viable during that period. 

Inbred com plants can be reproduced by planting such 
inbred seeds, growing the resulting corn plants under self- 
pollinating or sib-pollinating conditions with adequate iso- 
lation using standard techniques well known to an artisan 
skilled in the agricultural arts. Seeds can be harvested from 
such a plant using standard, well known procedures. 

The origin and breeding history of inbred plant 87D1A4 
can be summarized as follows: 



Summer 1988 The cross.2FACC and AQA3 was made. 
2 Both inbreds are proprietary to DEKALB Genetics 

Corporation. 

Wimcr 1988 SO seed was grown (nursery row 67-51). 
Summer 1989 Si seed was grown (nursery rows 4-25 to 
30 4-38). 

Winter 1989 S2 seed was grown ear-to-row (nursery row 
649-62). 

Summer 1990 S3 seed was grown ear-lo-row (nursery 
35 row 130-15). 

Winter 1990 S4 seed was grown ear-lo-row (nursery row 
C23-23). 

Summer 1991 S5 seed was grown car- to-row (nursery 
40 row 222-67). 

Summer 1992 S6 seed was grown ear-to-row (nursery 
row 418-56). 

Summer 1993 S7 seed was grown ear-to-row (nursery 
45 rows 34 6-32 to 34 6-39). Seed from all rows was bulked 
to form 87D1A4. 
B. PHENOTYPIC DESCRIPTION 
In accordance with another aspect of the present 
invention, there is provided a corn plant having the physi- 
50 ological and morphological characteristics of corn plant 
87DIA4. A description of the physiological and morpho- 
logical characteristics of com plant 87DIA114 is presented 
in Table 4. 

TABLE 4 



MORPHOLOGICAL TRAITS FOR THE 87DIA4 PHENOTYPE 



CHARACTERISTIC 


67D1A4 


2FACC 


3AZA1 


AOA3 


STALK 










Diameter (width) cm 


1.9 


2.2 


2.0 


2.2 


Antbocyanin 


Absent 


Absent 


Absent 


Absent 


Nodes with Brace 


3.4 


1-9 


2.0 


1.5 


Roots 










Brace Root Color 


Red 


Purple 




Green 


lolemodc Direction 


Straight 


Stratghi 


Straight 


Straight 
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TABLE 4-continued 

MORPHOLOGICAL TRAITS FOR THE S7D1A4 PHENOTYPE 
CHARACTERISTIC 87DIA4 2FACC 3AZA1 AQA3 



Intcmode Length cm. 


10.2 


LEAF 




Color 


Med Green 


Length cm. 


68.0 


Widih coi 


10.0 


Shcaih Anihocyanin 


Weak 


Sbcath Pubescence 


Medium 


Marginal Waves 


Few 


Longitudinal Creases 


Absent 


TASSEL 




Attitude 


Compact 


Length cm. 


29.5 


Spike Length cm. 


39.5 


Peduncle Length cm. 


19 


Branch Number 


4.5 


Anther Color 


Red 


Glume Color 


Greco 


Glume Band 


Absent 


EAR 




Si Uc Color 


Pink 


Number Per Stalk 


3.1 


Position (attitude) 


Upright 


Length cm. 


35.6 


Shape 


Semi-conical 


Diameter cm. 


3.8 


Weight gin. 


99.1 


Shank Length cm. 


16.5 


Husk Bract 


Short 


Husk Cover cm. 


3.4 


Husk Opening 


Tight 


Husk Color Fresh 


Green 


Husk Color Dry 


Buff 


Cob Diameter cm. 




Cob Color 


Red 


Shelling Perce ni 


85.1 


KERNEL 




Row Number 


14.0 


Number Per row 


33.4 


Row Direction 


Curved 


Type 


Dent 


Cap Color 


YeUow 


Side Color 


Ycllow 


Length (depth) mm. 


10.2 


Width mm. 


8.3 


Thickness 


A3 


Weight of 1000K gm. 


281.5 


Endosperm Type 


Normal 


Endosperm Color 


Yellow 



32.7 


34.0 


313 


Med Green 


Med Gieeo 


Med Green 


73.3 


66.2 


67.9 


a7 


7.9 


8.3 


Weak 


■Weak 


Absent 


Light 


Medium 


Medium 


Few 


Few 


Few 


Absent 





Few 


Compact 





Open 


26.7 


33.0 


33.0 


39.3 


24.4 


23.1 


5.2 


3.6 


3.6 


7.7 


3.8 


5.5 


Pink 


Tan 


Grr> Yellow 


Green 


Green 


Greco 


Absent 


Absent 


Absent 


Tan 


Gra- Yellow 


Grn- Yellow 


1.1 


3.6 


1.4 


Upright 


Pendant 


Upright 


33.9 


36.4 


36.3 


Semi-conical 


Semi-conical 


Semi- conical 


4.2 


3.4 


3.6 


1J6J 


89.8 


93.1 


34.8 


20.7 


14.9 


Short 




Short 


6.6 


3.9 


3.2 


Intermediate 




Intermediate 


Li Green 


Green 


U Green 


Buff 


Buff 


Buff 


Z6 


3.7 


2.1 


Red 


Red 


Red 


81.4 


85.8 


85.0 


34.7 


32.3 


35.1 


25.5 


32.2 


33.2 


Curved 


Curved 


Curved 


Dent 


Dent 


Dent 


Yellow 


Yellow 


Lemon 






Yellow 


Deep Yellow 


Orange 


Orange 


30.7 


9.2 


9.6 


R3 


7.3 


7.1 


A3 


4.2 


3.8 


280.7 


223.8 


173.7 


Normal 


Normal 


Normal . 


Yellow 


Yellow 


Yellow 



•These arc typical values. Values may vary due lo environment Other values thai arc 
substantially cquivaleoi are also within the scope of the invention. Substantially equivalent 
refers to quantitative traits that when compared do not show statistical differences of their 



IV. ADDITIONAL INBRED CORN PLANTS 

The inbred corn plant 171 KJ3 has been employed wilb the 
corn plan! of the present invention io order to produce an 
exemplary hybrid. A description of the physiological and 
morphological characteristics of this corn plant is presented 



herein at Table 5. Additional information for this iobred com 
plant is presented in co-pending U.S. patent application Ser. 
No. 08/795,403, filed Feb. 5, 1997, the disclosure of which 
application is specifically incorporated herein by reference. 



TABLE 5 



MORPHOLOGICAL TRAITS FOR 
THE 171KI3 PHENOTYPE 



CHARACTERISTIC 37IKI3 01CSI2 01IBH2 3IIH6 



1. STALK 

Diameter (width) Z2 2.4 2.1 13 

cm. 
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TABLE 5-continued 



MORPHOLOGICAL TRAITS FOR 
THE 173K13 PHENOTYPE 



CHARACTERISTIC 37IKI3 



01CSI2 



01IBH2 



3DH6 



Antbocyanw 
Nodes With Brace 
Roots 

Brace Root Color 
Intcmodc Direction 
lntcrnodc Length 
cm. 

2. LEAF 
Coloi 
Width cm 
Marginal Waves 

3. TASSEL 
Length cm. 
Spike Length cm. 
Peduncle Length 
cm. 

Branch Number 
Anther Color 
Glume Color 
Glume Band 

4. EAR 
Silk Color 
Number Per Stalk 
Position (altitude) 
Length cm. 
Shape 

Diameter cm. 
Weight gin. 
Shank Length cm. 
Husk Bract 
Husk Cover cm. 
Husk Color Fresh 
Husk Color Dry 
Cob Diameter cm. 
Cob Color 
Shelling Percent 

5. kernel- 
Row Number 
Number Per Row 
Row Direction 
Type 

Cap Color 

Side Color 

Length (depth) mm. 

Width mm. 

Thickness 

Weight of 1000K 

gm. 

Endosperm Type 
Endosperm Color 



Absent 


Abscnt 


Absent 


Absent 


OS 


1.8 


1.3 


0.7 


Green 


Green 


Green 





Straight 


Straight 


Straight 


Straight 


15.9 


12.8 


34.4 


13.1 


JYJCU VJICvU 




Med Green 


Med Green 


9 ~i 


8.9 


8.9 


8.0 


Few 


re* 


Few 


Few 


42.6 


33.2 


JJ.O 


35.3 


22.9 


23.2 


23.3 




9.6 


3.9 


8.2 


7.6 


9. 3 


7.4 


i a 


32.9 


Purple 


Grn- Yellow 


Grn- Yellow 




Purple 


Green 


Green 




Present 


Absent 


Absent 


Absent 


Pink 


ruxK 




Red 


1.0 


3.0 


3 0 


1.4 


Upright 






Upright 


14.6 


36.0 


34.6 


1 J.O 


Semi-conical 


Semi-conical 


Se mi - co nica 1 


Semi-conical 


4.0 


3.8 


4.0 


■a o 


104.9 


100.6 


303.2 


107.6 


10.3 


14.3 


30.3 


9.6 


Short 


Short 


Short 


Short 


6.4 


2.5 


4.4 


3.7 


Green 


Green 


Green 


Green 


Buff 


Buff 


Buff 


Buff 


2.3 


2.4 


23 


2.1 


Red 




Red 


Red 


87.7 


80.6 


89.0 


83.3 


14.6 


14.8 


16.3 


15.3 


32.1 


27.3 


293 


29.7 


Curved 


Curved 


Curved 


Curved 


Dent 




Dent 




Yellow 


Yellow 


Yellow 


Yellow 


Deep Yellow 




Orange 




11.3 


9.4 


30.9 


10.3 


7.8 


8.0 


7.4 


7.8 


33 


S3 


4.4 


4.2 


269.0 


252.4 


233.0 


247.8 


Normal 


Normal 


Normal 


Normal 


Ycllow 


Yellow 


Yellow 


Yellow 



•These are typical values, values may vary due to environment- Other values that are 
substantially equivalent are also within the scope of the invention. Substantially equivalent 
refers to quantitative traits that when compared do not show statistical differences of their 
means. 



V. SINGLE GENE CONVERSIONS 

When the term inbred corn plant is used in the coniext of 
the present invention, this also includes any single gene 
conversions of that inbred. The term single gene converted 
plant as used herein refers to those corn plants which arc 
developed by a plant breeding technique called backcrossing 
wherein essentially all of the desired morphological and 
physiological characteristics of an inbred are recovered in 
addition to the single gene transferred into the inbred via the 
backcrossing technique. Backcrossing methods can be used 
with the present invention to improve or introduce a char- 
acteristic into the inbred. The term backcrossing as used 
herein refers to the repeated crossing of a hybrid progeny 
back to one of the parental corn plants for that inbred. The 
parental com plant which contributes the gene for the 



desired characteristic is termed the nonrecurrent or donor 
parent. This terminology refers to the fact that the nonre- 

55 current parent is used one lime in the backcross protocol and 
therefore does not recur. The parental corn plant to which the 
gene or genes from the nonrecurrent parent arc transferred is 
known as the recurrent parent as it is used for several rounds 
in the backcrossing protocol (Poehlman & Slcper, 1994; 

60 Febr, 1987). In a typical backcross protocol, the original 
inbred of interest (recurrent parent) is crossed to a second 
inbred (nonrecurrent parent) that carries the single gene of 
interest to be transferred. The resulting progeny from this 
cross are then crossed again to the recurrent parent and the 

65 process is repeated until a corn plant is obtained wherein 
essentially all of the desired morphological and physiologi- 
cal characteristics of the recurrent parent are recovered in the 
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converted plant, in addition to the single transferred gene 
from the nonrecurrent parent. 

The selection of a suitable recurrent parent is an important 
step for a successful backcrossing procedure. The goal of a 
backcross protocol is to alter or substitute a single trait or 5 
characteristic in the original inbred. To accomplish this, a 
single gene of the recurrent inbred is modified or substituted 
with the desired gene from the nonrecurrent parent, while 
retaining essentially all of the rest of the desired genetic, and 
therefore the desired physiological and morphological, con- 30 
stitution of the original inbred. The choice of the particular 
nonrecurrent parent will depend on the purpose of the 
backcross, one of the major purposes is to add some com- 
mercially desirable, agronomically important trait to the 
plant. The exact backcrossing protocol will depend on the 35 
characteristic or trait being altered to determine an appro- 
priate testing protocol. Although backcrossing methods are 
simplified when the characteristic being transferred is a 
dominant allele, a recessive allele may also be transferred. In 
this instance it may be necessary to introduce a test of the 20 
progeny to determine if the desired characteristic has been 
successfully transferred. 

Many single gene trails have been identified that are not 
regularly selected for in the development of a new inbred but 
that can be improved by backcrossing techniques. Single 25 
gene traits may or may not be transgenic, examples of these 
traits include but are not limited to, male sterility, waxy 
starch, herbicide resistance, resistance for bacterial, fungal, 
or viral disease, insect resistance, male fertility, enhanced 
nutritional quality, industrial usage, yield stability and yield 30 
enhancement. These genes arc generally inherited through 
the nucleus. Some known exceptions to this are the genes for 
male sterility, some of which are inherited cytoplasmically, 
but still act as single gene traits. Several of these single gene 
traits are described in U.S. Ser. No. 07/113,561, filed Aug. 35 
25, 1993, the disclosure of which is specifically hereby 
incorporated by reference. 

Direct selection may be applied where the single gene acts 
as a dominant trail. An example might be ibe herbicide 
resistance trait. For this selection process, the progeny of the 40 
initial cross are sprayed with the herbicide prior to the 
backcrossing. The spraying eliminates any plants which do 
not have the desired herbicide resistance characteristic, and 
only those plants which have the herbicide resistance gene 
are used in the subsequent backcross. This process is then 45 
repeated for all additional backcross generations. 

The waxy characteristic is an example of a recessive trait. 
In this example, the progeny resulting from the first back- 
cross generation (BCl) must be grown and selfed. A test is 
then run on the selfed seed from the BCl plant to determine 50 
which BCl plants carried the recessive gene for the waxy 
trait In other recessive traits, additional progeny testing, for 
example growing additional generations such as the BCl Si 
may be required to determine which plants carry the reces- 
sive gene. 55 
VI. ORIGIN AND BREEDING HISTORY OF AN EXEM- 
PLARY SINGLE GENE CONVERTED PLANT 

85DGD1 MLms is a single gene conversion of 85DGD1 
to cytoplasmic male sterility. 85DGD1 MLms was derived 
using backcross methods. 85DGD1 (a proprietary inbred of 60 
DEKALB Genetics Corporation) was used as the recurrent 
parent aod MLms, a germplasm source carrying ML cyto- 
plasmic sterility, was used as the nonrecurrent parent. The 
breeding history of the single gene converted inbred 
85DGD1 MLms can be summarized as follows: 65 
Hawaii Nurseries Planting Date Apr. 2, 1992 Made up 
S-O: Female row 585 male row 500 
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Hawaii Nurseries Planting Date Jul. 15, 1992 S O was 

grown and plants were backcrossed times 85DGD1 

(rows 444' 443) 
Hawaii Nurseries Planting Dale Bulked seed of the BCl 

was growD and Nov. 18, 1992 backcrossed times 

85DGD1 (rows V3-27' V3-26) 
Hawaii Nurseries Planting Date Apr. 2, 1993 Bulked seed 

of the BC2 was gown and backcrossed times 85DGD1 

(rows 37 36) 

Hawaii Nurseries Planting Date Jul. 14, 1993 Bulked seed 
of the BC3 was grown and backcrossed times 85DGD1 
(rows 99* 98) 

Hawaii Nurseries Planting Date Bulked seed of BC4 was 

grown and backcrossed Oct. 28, 1993 limes 85DGD1 

(rows KS-63' KS-62) 
Summer 1994 A single ear of the BC5 was grown and 

backcrossed limes 85DGD1 (MC94-822'MC94-822-7) 
Winter 1994 Bulked seed of the BC6 was grown and 

backcrossed limes 85DGD1 (3Q-V 30-2) 
Summer 1995 Seed of the BC7 was bulked and named 

85DGD1 MLms. 

VII. TISSUE CULTURE AND IN VITRO REGENERA- 
TION OF CORN PLANTS 

A further aspect of the invention relates to tissue culture 
of com plants designated 87DIA4. As used herein, the term 
"tissue culture" indicates a composition comprising isolated 
cells of the same or a different type or a collection of such 
cells organized into parts of a plant. Exemplary types of 
tissue cultures are protoplasts, calli, plant clumps, and plant 
cells that are intact in plants or parts of plants, such as 
embryos, pollen, flowers, kernels, ears, cobs, leaves, husks, 
stalks, roots, root tips, anthers, silk and the like. In a 
preferred embodiment, tissue culture is embryos, protoplast, 
meristematic cells, pollen, leaves or anthers. Means for 
preparing and maintaining plant tissue culture are well 
known in Ihe art. By way of example, a tissue culture 
comprising organs such as tassels or anthers, has been used 
to produce regenerated plants. (See, U.S. patent applications 
Ser. No. 07/992,637, filed Dec. 18. 1992 and 07/995,938. 
filed Dec. 21. 1992, now issued as U.S. Pat. No. 5,322,789. 
issued Jun. 21, 1994, the disclosures of which are incorpo- 
rated herein by reference). 

VIII. TASSEL/ANTH ER CULTURE 

Tassels contain anthers which in turn enclose 
microspores. Microspores develop into pollen. For anther/ 
microspore culture, if tassels are the plant composition., they 
are preferably selected at a stage when the microspores are 
uninucleate, that is, include only one, rather than 2 or 3 
nuclei. Methods to determine the correct stage are well 
known to those killed in the art and include milramycin 
fluorescent staining (Pace et al., 1987), trypan blue 
(preferred) and acetocarmine squashing. The mid- 
uninucleate microspore stage has been found to be the 
developmental stage most responsive lo the subsequent 
methods disclosed to ultimately produce plants. 

Although microspore-conlaining plant organs such as 
tassels can generally be prctreated at any cold temperature 
below about 25° C, a range of 4 to 25° C. is preferred, and 
a range of 8 lo 14° C. is particularly preferred- Although 
other temperatures yield cmbryoids and regenerated plants, 
cold temperatures produce optimum response rates com- 
pared to prelreatmeol at temperatures outside the preferred 
range. Response rate is measured as either the number of 
cmbryoids or the number of regenerated plants per number 
of microspores initialed in cullure. 

Although not required, when tassels are employed as the 
plant organ, it is generally prefened to sterilize their surface. 
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Following surface sterilization of the tassels, for example, The result of the foregoing steps is the preparation of a 

with a solution of calcium hypochloride, tbe anthers are relatively pure tissue culture suspension of microspores that 

removed from about 70 to 150 spikelets (small portions of arc relatively free of debris. and anther remnants, 

the tassels) and placed in a preculture or preireatment To isolate microspores, an isolation media is preferred. An 

medium Larger or smaller amounts can be used depending 5 isolation media is used to separate micropores from lhe 

ber of anthers anther walls while maintaining their viability and embryo- 

on l e nu ,-„i c - r - genie potential. An illustrative embodiment of an isolation 

When one elects to employ tassels directly, tassels are * I ^ ^ 

preferably predated at a cold temperature for a predefined ^ ^ ^ ^ ^ ^ ()f 

time, preferably at 10* C for about 4 days. After pre. real- o.l mg/1 biotin and 400 mg/1 of proline, combined with 

ment of a whole tassel at a cold temperature dissected 10 JQ mg/J of nicolinic add and 0 5 mg/1 AgNO a . In another 

anthers are further prelrealed m an environment that diverts crabod i mcnl> lhe biotin and proline arc omitted, 

microspores from their developmental pathway. The func- ^ media pre ferably has a higher antioxidant 

lion of the preculture medium is to switch the developmental levcI where ustd lo j^^e microspores from a donor plant 

program from one of pollen development that of embryoid/ ^ a p ] aoI f rom w hicb a plant composition containing a 

callus development. An embodiment of such an environment 35 microspore is obtained) that is field grown in contrast to 

in the form of a preculture medium includes a sugar alcohol, greenhouse grown. A preferred level of ascorbic acid in an 

for example mannilol or sorbitol, inositol or the like. An isolation medium is from about 50 mg/1 lo about 125 mg/1 

exemplary synergistic combination is lhe use of mannitol at and, more preferably from about 50 mg/1 to about 100 mg/1. 

a temperature of about 10° C. for a period ranging from One can find particular benefit in employing a support for 

about 10 to 14 days, lo a preferred embodiment, 3 ml of 0.3 20 the microspores during culturing and subculturing. Any 

M mannitol combined with 50 mg/1 of ascorbic acid, silver support that maintains the cells near the surface can be used, 

nitrate and colchicine is used for incubation of anthers at 10° The microspore suspension is layered onto a support, for 

C for between 10 and 14 days. Another embodiment is to example by pipetting. There are several types of supports 

substitute sorbitol for mannitol. The colchicine produces which are suitable and are within the scope of the invention, 

chromosome doubling at this early stage. The chromosome 25 An illustrative embodiment of a solid support is a TRAN- 

doubling agent is preferably only present at the preculture SWELL® culture disb. Another embodiment of a solid 

sla g C support for development of the microspores is a bilayer plate 

It is believed that the mannilol or other similar carbon wherein liquid media is on top of a solid base. Other 

structure or environmental stress induces starvation and embodiments include a mesh or a millipore filter. Preferably, 

functions to force microspores to focus their energies on 30 a solid support is a nylon mesh in the shape of a raft. A raft 

entering developmental stages. The cells are unable to use, is defined as an approximately circular support material 

for example, mannitol as a carbon source at this stage. It is which is capable of floating slightly above the bottom of a 

believed that these treatments confuse the cells causing them tissue culture vessel, for example, a pelri dish, of about a 60 

to develop as embryoids and plants from microspores. or 100 mm size, although any other laboratory tissue culture 

Dramatic increases in development from these haploid cells, 35 vessel will suffice. In an illustrative embodiment, a raft is 

as high as 25 embryoids in 10 4 microspores, have resulted about 55 mm in diameter. 

from using these methods. Culturing isolated microspores on a solid support, for 

In embodiments where microspores are obtained from example, on a 10 mm pore nylon raft floating on 2.2 ml of 

anthers, microspores can be released from the anthers into an medium in a 60 mm pelri dish, prevents microspores from 

isolation medium following the mannitol preculture siep. 40 sinking into the liquid medium and thus avoiding low 

One method of release is by disruption of the anthers, for oxygen tension. These types of cell supports enable the 

example, by chopping tbe anthers into pieces with a sharp serial transfer of the nylon raft with its associated 

instrument, such as a razor blade, scalpel or Waring blender. microspore/embryoids ultimately lo full strength medium 

The resulting mixture of released microspores, anther frag- containing activated charcoal and solidified with, for 

ments and isolation medium are then passed through a filter 45 example, GELRITE™ (solidifying agent). The charcoal is 

to separate microspores from anther wall fragments. An believed to absorb toxic wastes and intermediaries. The solid 

embodiment of a filter is a mesh, more specifically, a nylon medium allows embryoids to mature, 

mesh of about 112 mm pore size. The filtrate which results The liquid medium passes through lhe mesh while the 

from filtering the microspore-containing solution is prefer- microspores are retained and supported at lhe medium-air 

ably relatively free of anther fragments, cell walls and other 50 interface. The surface tension of tbe liquid medium in the 

debris pelri dish causes the raft lo float. The liquid is able to pass 

In a preferred embodiment, isolation of microspores is through the mesh: consequently, the microspores stay on 

accomplished at a temperature below about 25° C. and, top. The mesh remains on top of the total volume of liquid 

preferably at a temperature of less than aboul 15° C medium. An advantage of the raft is to permit diffusion of 

Preferably, the isolation media, dispersing tool (e.g., razor 55 nutrients to the microspores. Use of a raft also permits 

blade) funnels, centrifuge rubes and dispersing container transfer of tbe microspores from disb to dish during subse- 

(c.g., pelri dish) arc all maintained at the reduced tempera- quent subculture with minimal loss, disruption or distur- 

ture during isolation. The use of a precooled dispersing tool bance of tbe induced embryoids that are developing. The 

to isolate maize microspores has been reported (Gaillard el rafts represent an advantage over the multi-welled TRAN- 

al 1991) 60 SWELL® plates, which are commercially available from 

Where appropriate and desired, the anther filtrate is then COSTAR, in that the commercial plates are expensive, 
washed several limes in isolation medium. The purpose of Another disadvantage of these plates is that to achieve the 
the washing and centrifugation is lo eliminate any toxic serial transfer of microspores to subsequent media, the 

compounds whicb are contained in the non-microspore part membrane support with cells must be peeled off the insert in 
of the filtrate and arc created by tbe chopping process. The 65 the wells. This procedure does not produce as good a yield 
centrifugation is usually done at decreasing spin speeds, for nor as efficient transfers, as when a mesh is used as a vehicle 

example, 1000, 750, and finally 500 rpms. for cell transfer. 
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The culture vessels can be furlhcr defined as either (1) a 
bilayer 60 mm petri plate wherein the bottom 2 ml of 
medium are solidified with 0.7 percent agarose, overlaid 
with 1 mm of liquid containing the microspores; (2) a nylon 
mesh raft wherein a wafer of nylon is floated on 1.2 ml of 
medium and 1 ml of isolated microspores is pipetted on top; 
or (3) TRANSWELL® plates whereiD isolated microspores 
are pipetted onto membrane inserts which support the 
microspores at the surface of 2 ml of medium. 

After the microspores have been isolated, they are cul- 
tured in a low strength anther culture medium until about the 
50 cell stage when they are subcul lured onto an embryoid/ 
callus maturation medium. Medium is defined at this stage 
as any combination of nutrients that permit the microspores 
to develop into embryoids or callus. Many examples of 
suitable embryoid/callus promoting media are well known to 
those skilled in the art. These media will typically comprise 
mineral salts, a carbon source, vitamins, growth regulations. 
A solidifying agent is optional. A preferred embodiment of 
such a media is referred to by the inventor as the "D 
medium" which typically includes 6N1 sails, AgN0 3 and 
sucrose or maltose. 

In an illustrative embodiment, 1 ml of isolated 
microspores are pipetted onto a 10 mm nylon raft and the 
raft is floated on 1.2 ml of medium "D", containing sucrose 
or, preferably maltose. Both calli and embryoids can 
develop. Calli are undifferentiated aggregates of cells. Type 
1 is a relatively compact, organized and slow growing callus. 
Type II is a soft, friable and fast-growing one. Embryoids are 
aggregates exhibiting some embryo-like structures. The 
embryoids are preferred for subsequent steps to regenerating 
plants. Culture medium M D" is an embodiment of medium 
that follows the isolation medium and replaces it. Medium 
"D" promotes growth to an embryoid/callus. This medium 
comprises 6N1 salts at Vi the strength of a basic stock 
solution, (major components) and minor components, plus 
12 percent sucrose or, preferably 12 percent maltose, 0.1 
m&fl Bl, 0.5 mg/1 nicotinic acid, 400 mg/1 proline and 0.5 
mg/1 silver nitrate. Silver nitrate is believed to act as an 
inhibitor to the action of ethylene. Multi-cellular structures 
of approximately 50 cells each generally arise during a 
period of 12 days to 3 weeks. Serial transfer after a two week 
incubation period is preferred. 

After the petri dish has been incubated for an appropriate 
period of time, preferably two weeks, in the dark at a 
predefined temperature, a raft bearing the dividing 
microspores is transferred serially to solid based media 
which promotes embryo maturation. In an illustrative 
embodiment, the incubation temperature is 30° C. and the 
mesh raft supporting the embryoids is transferred to a 100 
mm petri dish containing the 6N1-TGR-4P medium, an 
"anther culture medium." This medium contains 6N1 salts, 
supplemented with 0.1 mg/1 T1BA, 12 percent sugar 
(sucrose, maltose or a combination thereof), 0.5 percent 
activated charcoal, 400 mg/1 proline, 05 mg/1 B, 05 mg/1 
nicotinic acid, and 0.2 percent GELRITE™ (solidifying 
agent) and is capable of promoting the maturation of the 
embryoids. Higher quality embryoids, that is, embryoids 
which exhibit more organized development, such as better 
shoot meristcm formation without precocious germination 
were typically obtained with the transfer to full strength 
medium compared to those resulting from continuous cul- 
ture using only, for example, the isolated microspore culture 
(IMC) Medium "D." The maturation process permits the 
pollen embryoids to develop further in route toward the 
eventual regeneration of plants. Serial transfer occurs to full 
strength solidified 6N1 medium using either the nylon raft, 
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the TRANS WELL® membrane or bilayer plates, each one 
requiring the movement of developing embryoids to permit 
further development into physiologically more mature struc- 
tures. 

5 In an especially preferred embodiment, microspores are 
isolated in an isolation media comprising about 6 percent 
maltose, cultured for about two weeks in an embryoid/calli 
induction medium comprising about 12 percent maltose and 
then transferred to a solid medium comprising about 12 

10 percent sucrose. 

At the point of transfer of the raft after about two weeks 
incubation, embryoids exist on a nylon support; The purpose 
of transferring the raft with the embryoids to a solidified 
medium after the incubation is to facilitate embryo ma tu ra- 
il 5 lion. Mature embryoids at this point are selected by visual 
inspection indicated by zygotic embryo-like dimensions and 
structures and are transferred to the shoot initiation medium. 
It is preferred that shoots develop before roots, or that shoots 
and roots develop concurrently. If roots develop before 

20 shoots, plant regeneration can be impaired. To produce 
solidified media, the bottom of a petri dish of approximately 
100 mm is covered with about 30 ml of 0.2 percent GEL- 
RITE™ (solidifying agent) solidified medium. A sequence 
of regeneration media are used for whole plant formation 

25 from the embryoids. 

During the regeneration process, individual embryoids are 
induced to form plaotlets. The number of different media in 
the sequence can vary depending on the specific protocol 
used. Finally, a rooting medium is used as a prelude to 

30 transplanting to soil. When plantlets reach a height of about 
5 cm, tbey are then transferred to pots for further growth into 
flowering plants in a greenhouse by methods well known to 
those skilled in the art. 

Plants have been produced from isolated microspore 

35 cultures by methods disclosed herein, including self- 
pollinated plants. The rate of embryoid induction was much 
higher with the synergistic prccullure treatment ct insisting of 
a combination of stress factors, including a carbon source 
which can be capable of inducing starvation, a cold tern- 

40 perature and colchicine, than has previously been reported. 
An illustrative embodiment of the synergistic combination 
of treatments leading to the dramatically improved response 
rale compared to prior methods, is a temperature of about 
10° C, mannitol as a carbon source, and 0.05 percent 

45 colchicine. 

The inclusion of ascorbic acid, an antioxidant, in the 
isolation medium is preferred for maintaining good 
microspore viability. However, there seems to be no advan- 
tage to including mineral salts in the isolation medium. The 

50 osmotic potential of the isolation medium was maintained 
optimally with about 6 percent sucrose, although a range of 
2 percent to 12 percent is within the scope of this invention. 

In an embodiment of the embryoid/callus organizing 
media, mineral salts concentration in IMC Culture Media 

55 M D" is (Vix), the concentration which is used also in anther 
culture medium. The 6N1 salts major components have been 
modified to remove ammonium nitrogen. Osmotic potential 
in the culture medium is maintained with about 12 percent 
sucrose and about 400 mg/1 proline. Silver nitrate (05 mg/1) 

60 was included in the medium to modify ethylene activity. The 
preculture media is further characterized by having a pH of 
about 5.7 to 6.0. Silver nitrate and vitamins do not appear to 
be crucial to this medium but do improve the efficiency of 
the response. 

65 Whole anther cultures can also be used in the production 
of monocotyledonous plants from a plant culture system. 
There are some basic similarities of anther culture methods 
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and microspore culture methods with regard to the media shoot initiation medium comprises BAP (6-benzyl -amino- 

used. A difference from isolated microspore cultures is that purine) and NAA (naphthalene acetic acid). Regeneration 

undismpted anthers are cultured, so that a support, eg., a protocols for isolated microspore cultures and anther cul- 

nylon mesh support, is not needed. The first step in devel- lures are similar. 

oping the anther cultures is to incubate tassels at a cold 5 IX. OTHER CULTURES AND R EG EN ER Ail ON 

temperature. A cold temperature is defined as less than about The present invention contemplates a corn plant regener- 

25° C. More specifically, the incubation of the tassels is ated from a tissue culture of an inbred (e.g., 87D1A4) or 

preferably performed at about 10° C. A range of 8 to 14° C. hybrid plant (e.g., 4033843) of the present invention. As is 

is also within the scope of the invention. The anthers are then well known in the art, tissue culture of com can be used for 

dissected from the tassels, preferably after surface steriliza- 30 the in vitro regeneration of a corn plant. By way of example, 

tion using forceps, and placed on solidified medium. An a process of tissue culturing and regeneration of corn is 

example of such a medium is designated by the inventors as described in European Patent Application, publication 160, 

6N1-TGR-P4. 390, the disclosure of which is incorporated by reference. 

The anthers are then treated with environmental condi- Com tissue culture procedures are also described in Green & 

lions that area combinations of stresses that are capable of 35 Rhodes (1982) and Duncan el al., (1985). The study by 

diverting microspores from gameiogenesis lo embryogen- Duncan et al. (1985) indicates that 97 percent of cultured 

esis. It is believed that ibe stress effect of sugar alcohols in plants produced calli capable of regenerating plants. Subse- 

the prcculturc medium, for example, mannitol, is produced quent studies have shown that both inbrcds and hybrids 

by inducing starvation at the predefined temperature. In one produced 91 percent regenerate calli that produced plants, 

embodiment, the incubation prctreaiment is for about 14 20 Other studies indicate that non-traditional tissues are 

days at 10° C. It was found that treating the anthers in capable of producing somatic embryogenesis and plant 

addition with a carbon structure, an illustrative embodiment regeneration. See, e.g., Songstad et al. (1988); Rao et al. 

being a sugar alcohol, preferably, mannitol, produces dra- (1986); and Conger et al. (1987), the disclosures of which 

matically higher anther culture response rates as measured are incorporated herein by reference. Regenerable cultures 

by the number of eventually regenerated plants, than by 25 may be initiated from immature embryos as described in 

treatment with either cold treatment or mannitol alone. PCT publication WO 95/06128, the disclosure of which is 

These results are particularly surprising in light of teachings incorporated herein by reference. 

that cold is better than mannitol for these purposes, and that Briefly, by way of example, lo regenerate a plant of this 

warmer temperatures interact with mannitol better. invention, cells are selected following growth in culture. 

To incubate tbe anthers, they are floated on a preculture 30 Where employed, cultured cells are preferably grown either 
medium which diverts the microspores from gameiogenesis, on solid supports or in tbe form of liquid suspensions as set 
preferably on a mannitol carbon structure,, more forth above. In either instance, nutrients arc provided to the 
specifically, 0.3 M of mannitol plus 50 mg/1 of ascorbic acid. cells in the form of media, and environmental conditions are 
3 ml is about the total amount in a dish, for example, a tissue controlled. There are many types of tissue culture media 
culture dish, more specifically, a 60 mm petri dish. Anthers 35 comprising amino acids, salts, sugars, hormones and vita- 
are isolated from about 120 spikelets for one dish yields mins. Most of the media employed to regenerate inbred and 
about 360 anthers. hybrid plants have some similar components, the media 

Chromosome doubling agents can be used in the precul- differ in the composition and proportions of their ingredients 

ture media for anther cultures. Several techniques for dou- depending on the particular application envisioned. For 

bling chromosome number (Jensen, 1974; Wan ct al., 1989) 40 example, various cell types usually grow in more than one 

have been described. Colchicine is one of tbe doubling type of media, but exhibit different growth rales and differ- 

agents. However, developmental abnormalities arising from ent morphologies, depending on the growth media. In some 

in vitro cloning arc further enhanced by colchicine media, cells survive but do not divide. Various types of 

treatments, and previous reports indicated that colchicine is media suitable for culture of plant cells have been previously 

toxic to microspores. The addition of colchicine in increas- 45 described and discussed above. 

ing concentrations during mannitol pretreatment prior to An exemplary embodiment for culturing recipient com 

anther culture and microspore culture has achieved cells in suspension cultures includes using embryogenic 

improved percentages. cells in Type II (Armstrong & Green, 1 985; (Gordon-Kamm 

An illustrative embodiment of the combination of a et al., 1990) callus, selecting for small (10 lo 30 m) 

chromosome doubling agent and preculture medium is one 50 isodiametric, cytoplasmically dense cells, growing the cells 

which contains colchicine. In a specific embodiment, the in suspension cultures with hormone containing media, 

colchicine level is preferably about 0.05 percent. The subculturing into a progression of media lo facilitate devel- 

anthers remain in the mannitol preculture medium with tbe opment of shoots and roots, and finally, hardening the plant 

additives for about 10 days at 10° C. Anthers are then placed and readying il metabolically for growth in soil, 

on maturation media, for example, that designated 6N1- 55 Meristematic cells (i.e., plant cells capable of continual 

TGR-P4, for 3 to 6 weeks to induce embryoids. If the plants ceil division and characterized by an undifferentiated cyto- 

are to be regenerated from the embryoids, shoot regeneration logical appearance, normally found at growing points or 

medium is employed, as in the isolated microspore proce- tissues in plants such as root tips, stem apices, lateral buds, 

dure described in the previous sections. Other regeneration etc.) can be cultured. 

media can be used sequentially lo complete regeneration of 60 Embryogenic calli are produced essentially as described 

whole plants. PCT Publication WO 95/06128. Specifically, inbred 

Tbe anthers are then exposed to embryoid/callus promot- plants or plants from hybrids produced from crossing an 
ing medium, for example, that designated 6N1-TGR-P4 to inbred of the present invention with another inbred are 

obtain callus or embryoids. The embryoids are recognized grown to flowering in a greenhouse. Explants from at least 
by identification visually of embryonic-like structures. At 65 one of the following F, tissues: the immature tassel tissue, 
this stage, the embryoids are transferred serially to a series intercalary meristems and leaf bases, apical meristems, 
of regeneration media. In an illustrative embodiment, :he immature ears and immature embryos arc placed in an 
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initiation medium which contain MS salts, supplemented 
with thiamine, agar, and sucrose. Cultures are incubated in 
the dark at about 23° C. All culture manipulations and 
selections are performed with the aid of a dissecting micro- 
scope. a 

After about 5 lo 7 days, cellular outgrowths are observed 
from the surface of the explants. After about 7 to 21 days, the 
outgrowths are subculrured by placing them into fresh 
medium of Ibe same composition. Some of the intact imma- 
ture embryo explants are placed on fresh medium. Several )0 
subcultures later (after about 2 to 3 months) enough material 
is present from explants for subdivision of these embryo- 
genic caili into two or more pieces. 

Callus pieces from different explants are not mixed. Aftei 
further growth and subculture (about 6 months after embryo- 35 
genie callus initiation), there are usually between 1 and 100 
pieces derived ultimately from each selected explant. During 
this time of culture expansion, a characteristic embryogenic 
culture morphology develops as a result of careful selection 
at each subculture. Any organized structures resembling 20 
roots or root primordia are discarded. Material known from 
experience to lack the capacity for sustained growth is also 
discarded (translucent, watery, embryogenic structures). 
Structures with a firm consistency resembling at least in part 
the scutelum of the in vivo embryo are selected. 25 

The callus is maintained on a gar-solidified MS or N6-typc 
media. A preferred hormone is 2,4-D. A second preferred 
hormone is dicamba. Visual selection of embryo-like struc- 
tures is done to obtain subcultures. Transfer of material other 
than that displaying embryogenic morphology results in loss 30 
of the ability to recover whole plants from the callus. 

Cell suspensions arc prepared from the calli by selecting 
cell populations that appear homogeneous macroscopically. 
A portion of the friable, rapidly growing embryogenic calli 
is inoculated into MS or N6 Medium containing 2,4-D or 35 
dicamba. The calli in medium are incubated at about 27° C. 
on a gyrotary shaker in the dark or in the presence of low 
light. The resultant suspension culture is transferred about 
once every three to seven days, preferably every three to 
four days, by taking about 5 to 10 ml of the culture and 40 
introducing this inoculum into fresh medium of the compo- 
sition listed above. 

For regeneration, embryos which appear on the callus 
surface are selected and regenerated into whole plants by 
transferring the embryogenic structure, into a sequence of 45 
solidified media which include decreasing concentrations of 
2,4-D or other auxins. Other hormones which can be used in 
culture media include dicamba, NAA, ABA, BAP, and 
2-NCA. The reduction is relative to the concentration used 
in culture maintenance media. Plantlets are regenerated from 50 
these embryos by transfer to a hormone-free medium, sub- 
sequently transferred to soil, and grown to maturity. 

Progeny arc produced by taking pollen and selfing, back- 
crossing or sibling regenerated plants by methods well 
known to those skilled in the arts. Seeds are collected from 55 
the regenerated plants. 

X PROCESSES OF PREPARING CORN PLANTS AND 
THE CORN PLANTS PRODUCED BY SUCH CROSSES 
The present invention also provides a process of preparing 
a novel corn plant and a corn plant produced by such a 6C 
process. In accordance with such a process, a first parent 
corn plant is crossed with a second parent corn plant wherein 
at least one of the first and second com plants is the inbred 
corn plant 87DLA4. In one embodiment, a corn plant pre- 
pared by such a process is a first generation F, hybrid corn 6! 
plant prepared by a process wherein both the first and second 
parent corn plants are inbred corn plants. 
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Corn plants {Zea mays L.) can be crossed by either natural 
or mechanical techniques. Natural pollination occurs in corn 
when wind blows pollen from the tassels to the silks that 
protrude from the tops of the incipient cars. Mechanical 
pollination can be effected either by controlling the types of 
pollen that can blow onto the silks or by pollinating by hand. 

In a preferred embodiment, crossing comprises the steps 
of: 

(a) planting in pollinating proximity seeds of a first and a 
second parent corn plant, and preferably, seeds of a first 
inbred corn plant and a second, distinct inbred corn 
plant; 

(b) cultivating or growing the seeds of the first and second 
parent corn plants into plants that bear flowers; 

(c) emasculating flowers of either the first or second 
parent corn plant, i.e., treating the flowers so as to 
prevent pollen production, in order to produce an 
emasculated parent corn plant; 

(d) allowing natural cross-pollination to occur between 
the first and second parent corn plant; 

(e) harvesting seeds produced on the emasculated parent 
corn plant; and, where desired, 

(f) growing the harvested seed into a corn plant, or 
preferably, a hybrid corn plant. 

Parental plants are planted in pollinating proximity to 
each other by planting the parental plants in alternating 
rows, in blocks or in any other convenient planting pattern. 
Plants of both parental parents arc cultivated and allowed to 
grow until the time of flowering. Advantageously, during 
this growth stage, plants are in general treated with fertilizer 
and, or other agricultural chemicals as considered appropri- 
ate by the grower. 

At the time of flowering, in the event that plant 87DIA4, 
is employed as the male parent, the tassels of the other 
parental plant are removed from all plants employed as the 
female parental plant. The delasseling can be achieved 
manually but also can be done by machine, if desired. 

The plants are then allowed to continue to grow and 
natural cross-pollination occurs as a result of the action of 
wind, which is normal in the pollination of grasses, includ- 
ing corn. As a result of the emasculation of the female parent 
plant, all the pollen from the male parent plant 87D1A4 is 
available for pollination because tassels, and thereby pollen 
bearing flowering parts, have been previously removed from 
all plants of the inbred plant being used as the female in the 
hybridization. Of course, during this hybridization 
procedure, the parental varieties are grown such that they are 
isolated from other corn fields to minimize or prevent my 
accidental contamination of pollen from foreign sources. 
These isolation techniques are well within the skill of those 
skilled in this art. 

Both parental inbred plants of corn may be allowed to 
continue to grow until maturity or the male rows may be 
destroyed after flowering is complete. Only the ears from the 
female inbred parental plants arc harvested to obtain seeds 
of a novel F a hybrid. The novel F a hybrid seed produced can 
then be planted in a subsequent growing season with the 
desirable characteristics in terms of Fj hybrid com plants 
providing improved grain yields and the other desirable 
characteristics disclosed herein, being achieved. 

Alternatively, in another embodiment, both first and sec- 
ond parent corn plants can come from the same inbred com 
plant, i.e., from the inbred designated 87DIA4. Thus, any 
corn plant produced using a process of the present invention 
and inbred corn plant 87DIA4, is contemplated by this 
invention. As used herein, crossing can mean selfing, 
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backcrossing, crossing to another or the same inbred, cross- A selection index of the most commercially important traits 
ing to populations, and the like. All corn plants produced is used to help evaluate hybrids. FACT, an acronym for Field 
using the present inbred com plant 87DIA4 as a parent are Analysis Comparison Trial (strip trials), is an on-farm test- 
within the scope of this invention. ing program employed by DEKALB Plant Genetics to 
The utility of the inbred plant 87D1A4 also extends to 5 perform the final evaluation of the commercial potential of 
crosses with other species. Commonly, suitable species will a pro duct. 

be of the family Graminaceae, and especially of the genera During the next several years, a progressive elimination 

Zea, Tripsacum, Coix, Schlerachne, Polytoca, Chionachne, c f hybrids occurs based on more detailed evaluation of their 

and Trilobachne, of the tribe Maydeae. Of these, Zea and phenotype. Eventually, strip trials (FACT) are conducted to 

Tripsacum, are most preferred. Potentially suitable for 30 formaHy comparc , h e experimental hybrids being developed 

crosses with 87D1A4 can be the various varieties of grain ^ othef hybridSj some of which were prcv i 0 usly devel- 

sorghum, Sorghum bicolor (L.) Mocnch. opcd ^ generally are commercially successful. That is, 

A. F, HYBRID CORN PLANT AND SEED PRODUC- comparisons of experimental hybrids are made to competi- 

TION live hybrids to deiermine if there was any advantage to 

Where the inbred com plant 87DIA4 is crossed with " commcrcial development of the experimental 

another, different, corn inbred, a first generation (FJ corn ^ Examples of such comparisons are presented in 

hybrid plant is produced. Both a F, hybrid corn plant and a hercinbclow 

seed of that F 3 hybrid corn plant are contemplated as aspects ^ ^ pMenla] plan| 87DIA4 is CTOSScd with 

^t^^^^^^ hybridcorn « ^ » f?« » fid • hybrid (such as the hybrid 

iuuicu o 4033843 4033843), the original inbred can serve as either the mater- 

The gXrfa process of producing an F, hybrid is lo »»1 or paternal plant For many crosses .he outcome is .he 

manipufa.e .he genetic complement of corn to genera.e new same 'egard.css of the ass.gned sex of .he paren.a plants, 

combinations of genes which interact .o yield new. or However, there is often one of .be parental plants that ts 

^proved traits (pheno.ypic charac.eris.ics). A process of » P>»«. of .ncreased seed 

Zincing an F, hybrid .Really begins with me production y.eM and product™ charac.enst.es. Some plants produce 

of one or more inbred plants. TT>ose plants are produced by "gb'cr ear husks leading to more loss for example due to 

repeated crossing of anLs.rallv related com plants to try and «o«- Hkj* can be delays m s>Ik formauon wb.ch delete- 

concentrate certain genes within .be inbred plants. TT,e ously affect t.mmg of .be reproductive cycle for a pa.r of 

Zduc.ion of inbred 87DIA4 has been set forth hereinbe- » parental .nbreds Seed coa. charac.er.st.cs can be preferable 

piuuuuuuu - n p | anl p 0 ]j cn can t) C shed 1 better by one plant. Other 

° Corn has a diploid phase which means two conditions of variables can also affect preferred sexual assignment of a 

a cene (two alleles) occupy each locus (position on a particular cross, 

chromosome). If the alleles are the same at a locus, there is B. F, HYBRID COMPARISONS 

said to be homozygosity. If they are different, there is said 35 As mentioned in Section A, hybnds are progressively 
to be heterozygosity. In a completely inbred plant, all loci eliminated following detailed evaluations of their 
arc homozygous. Because many loci when homozygous are phenotype, including formal comparisons with other corn- 
deleterious to the plant, in particular leading to reduced mercially successful hybrids. Strip trials are used to compare 
vigor less kernels, weak and/or poor growth, production of the pbenotypes of hybrids grown in as many environments 
inbred plants is an unpredictable and arduous process. Under 40 as possible. They are performed in many environments to 
some conditions, heterozygous advantage at some loci effec- assess overall performance of the new hybrids and lo select 
lively bars perpetuation of homozygosity. optimum growing conditions. Because the com is grown in 

Inbreeding requires coddling and sophisticated manipu- close proximity, environmental factors that affect gene 

lation by human breeders. Even in the extremely unlikely expression, such as moisture, temperature, sunlight and 

event inbreeding rather than crossbreeding occurred in natu- pests, are minimized. For a decision to be made that a hybnd 

ral com, achievement of complete inbreeding cannot be is worth making commercially available, it is not necessary 

expected in nature due to well known deleterious effects of that the hybrid be better than all other hybrids. Rather, 

homozygosity and the large number of generations the plant significant improvements must be shown in at least some, 

would have to breed in isolation. The reason for the breeder traits that would create improvements in some niches, 

to create inbred plants is to have a known reservoir of genes 50 Examples of such comparative data arc set forth hercin- 

wbose Pamelic transmission is at least somewhat predict- below in Table 6, which presents a comparison of perfor- 

aWc 6 mancc data for the hybrid 4033843, a hybrid made with 

The development of inbred plants generally requires at 87DIA4 as one parent, versus a selected hybrid of commcr- 

least about 5 to 7 generations of selling. Inbred plants are cial value (DK442). 

then cross-bred in an attempt to develop improved F, " All the data in Table 6 represents results across years and 

hybrids Hybrids are then screened and evaluated in small locations for research and/or strip trials. The "NTEST" 

scale field trials. Typically, about 10 to 15 phenotypic traits, represents the number of paired observations in designated 

selected for their potential commercial value, arc measured. tests at locations around the United Stales. 



TABLE 6 



COMPARATIVE DATA FOR 4033843 


HYBRID 


SI YLD MST STL RTL 
NTEST %C BU PTS <h % 


DRP 

% 


FLSTD 


sv 

RAT 
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4033843 

DK442 

DEV 



TABLE 6-continued 



COMPARATIVE DATA FOR 4033843 


4033843 

DK442 

DEV 


R93 


110.3 156.5 39.9 
99.0 147.7 19.* 
13 V- 8.6-' 0.1 


5.2 1.4 
7.1 5.2 
-1.9-- -3-8- 


0:1 

0.1 
0.0 


101.0 
100.9 
0.2 


4.J 
4.1 
-0.1 


HYBRID 


NTEST 


ELSTD PHT EHT 
% M INCH INCH 


BAR SG 
% RAT 


TST 
LBS 


PGDU 


ESTR 
DAYS 



R93 



104 4 89.8 40.9 5.0 54.2 1Z14.U V«.u 

102.9 90.2 43.9 3.1 53.4 1 253.0 935 

1.5* -0.4 -3.0" 1-8- 0.8- -36.9- 0.1 



Significance levels are indicated as: 

♦ - 10 percent, 

• - 5 percent, 

- 1 percent. 
LEGEND ABBREVIATIONS: 
HYBD - Hybrid 
TEST - Rcsearch/FACT 
SI % C - Selection Index (percent of check) 
YLD BU - Yield (bushels/acre) 
MST PTS - Moisture 
STL * - Stalk Lodging (percent) 
RTL % - Root Lodging (percent) 
DRP % - Dropped Ear* (percent) 
FLSTD % M - Final Stand (percent of test mean) 
SV RAT - Seedling V»gor Rating 
ELSTD % M - EaTly Stand (percent of lest mean) 
PHT INCH - Plant Height (inches) 
EHT INCH - Ear Height (inches) 
BAR 3> - Barren Plants (percent) 
SG RAF - Staygrecn Rating 
TST LBS - Test Weight (pounds) 
FGDU - GDUs to Shed 
ESTR DAYS - Estimated Relative Maturity 
(days) 



As can be seen in Table 6, the hybrid 4033843 has 
significantly higher yield with comparable moisture content 
when compared to a successful commercial hybrid. Signifi- 
cant differences are also shown in Table 6 for many other 
traits. 

C PHYSICAL DESCRIPTION OF F, HYBRIDS 
The present invention also provides F a hybrid corn plants 
derived from the com plant 87D1A4. Physical characteristics 
of exemplary hybrids are set forth in Table 7, which con- 
cerns 4033843, which has 87D1 A4 as one inbred parent. An 
explanation of terms used in Table 7 can be found in the 
Definitions, set forth herein above. 

TABLE 7 



TABLE 7-continucd 



MORPHOLOGICAL TRAITS FOR 
THE 4033843 PHENOTYPE 
YEAR OF DATA: 1996 



CHARACTERISTIC 



VALUE 



STALK 

Diameter (width) cm 

Anthocyanin 

Nodes with Brace Roots 

Brace Root Color 

Interaode Direction 

I Die r node Length cm. 

LEAF 

Color 

Length cm. 
Width cm. 
Sheath Anthocyanin 
Sheath Pubescence 
Marginal Waves 
Longitudinal Creases 



2.6 

Absent 

13 

Red 

Straight 

16.0 

Med Green 

79.9 

10.7 

Absent 

Medium 

Medium 

Few 
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MORPHOLOGICAL TRAITS FOR 
THE 4033843 PHENOTYPE 
YEAR OF DATA: 1996 



CHARACTERISTIC 


VALUE 


TASSEL 




Altitude 


Compact 


Length cm. 


4a i 


Spike Length cm. 


27.4 


Peduncle Length cm. 


lil 


Branch Number 


7.5 


Anther Color 


Red 


Glume Color 


Purple 


Glume Band 


Absent 


EAR 




Silk Color 


Tan 


Number Per Stalk 


1.1 


Position (altitude) 


Upright 


Length cm. 


2tt 7 


Shape 


Semi-conical 


Diameter cm- 


4.7 


Weigh I gm. 


222.8 


Shank Length cm. 


187 


Husk Bract 


Short 


Husk Opening 


Open 


Husk Color Fresh 


Green 


Husk Color Dry 


Buff 


Cob Diameter cm. 


2.4 


Cob Color 


Red 


Shelling Percent 


88.6 


KERNEL 




Row Number 


15.4 


Number Per row 


4Z6 


Row Direction 


Straight 


Type 


Dent 
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MORPHOLOGICAL TRAITS FOR 
THE 4033843 PHENOTYPE 
YEAR OF DATA: 1996 



CHARACTERISTIC 



VALUE 



Cap Coloi 


Yellow 


Side Color 


Deep Yellow 


Length (depth) mm. 


32.0 


Width mm. 


7.9 


Thickness 


4.1 


Weight of 1000K gm. 


307.0 


Endosperm Type 


Normal 


Endosperm Color 


Yellow 



10 
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25 
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•These are typical values. Values may vary due to environment. Other values 
that are substantially equivalent are also within the scope of the invention. 
Substantially equivalent refers lo quantitative traits that when compared do 
not show statistical differences of their means. 

XI. GENETIC COMPLEMENTS 

In another aspect, the present invention provides a genetic 
complement of a plant of this invention. In one embodiment, 
therefore, the present invenlion contemplates an inbred 
genetic complement of the inbred com plant designated 
87D1A4. In another embodiment, the present invention 
contemplates a hybrid genetic complement formed by the 
combination of a baploid genetic complement from 87DIA4 
and another haploid genetic complement. Means for deter- 
mining a genetic complement are well-known in the art. 

As used herein, the phrase "genetic complement" means 
an aggregate of nucleotide sequences, the expression of 30 
which sequences defines the phenotype of a corn plant or a 
cell or tissue of that plant. By way of example, a com plant 
is genotyped to determine the a nay of the inherited markers 
ii possesses. Markers are alleles at a single locus. They are 
preferably inherited in codominant fashion so that the pres- 
ence of both alleles at a diploid locus is readily detectable, 
and tbey are free of environmental variation, i.e., their 
heritabiiity is 1. This genotyping is preferably performed on 
at least one generation of the descendant plant for which the 
numerical value of the quantitative trait or traits of interest 
are also determined. The array of single locus genotypes is 
expressed as a profile of marker alleles, two at each locus. 
The marker allelic composition of each locus can be either 
homozygous or heterozygous. Homozygosity is a condition 
where both alleles at a locus are characterized by the same 
nucleotide sequence. Heterozygosity refers to different con- 
ditions of the gene at a locus. Markers that are used for 
purposes of this invention include restriction fragment 
length polymorphisms (RFLPs) and isozymes. 

A plant genetic complement can be defined by genetic 
marker profiles that can be considered "fingerprints" of a 
genetic complement. For purposes of this invention, markers 
are preferably distributed evenly throughout the genome to 
increase the likelihood they will be near a quantitative trait 
loci (QTL) of interest (e.g., in tomatoes, Helenljaris et al., 
U.S. Pat. No. 5385,835, Nienbuis et al., 1987). These 
profiles arc partial projections of a sample of genes. One of 
the uses of markers in general is to exclude, or alternatively 
include, potential parents as contributing to offspring. 

Phenotypic traits characteristic of the expression of a 
genetic complement of this invention are distinguishable by 
eleclrophorelic separation of DNA sequences cleaved by 
various restriction endonucleases. Those traits (genetic 
markers) are termed RFLPs (restriction fragment length 
polymorphisms). 

Restriction fragment length polymorphisms (RFLPs) are 
genetic differences delectable by DNA fragment lengths, 



45 



typically revealed by agarose gel electrophoresis, after 
restriction endonuclease digestion of DNA. There are large 
numbers of restriction endonucleases available, character- 
ized by their nucleotide cleavage sites and tbeir source, e.g., 
Eco Rl. Variations in RFLPs result from nucleotide base pair 
differences which alter the cleavage sites of the restriction 
endonucleases, yielding different sized fragments. 

Means for performing RFLP analyses are well known in 
the art. Resiriciion fragment length polymorphism analyses 
reported herein were conducted by Linkage Genetics. This 
service is available lo the public on a contractual basis. 
Probes were prepared to the fragment sequences, these 
probes being complementary to the sequences thereby being 
capable of hybridizing to them under appropriate conditions 
well known to those „killed in the art. These probes were 
labeled with radioactive isotopes or fluorescent dyes for ease 
of detection. After the fragments were separated by size, 
they were identified by the probes. Hybridization with a 
unique cloned sequence permits the identification of a 
specific chromosomal region (locus). Because all alleles at 
a locus are delectable, RFLPs are codominant alleles, 
thereby satisfying a criteria for a genetic marker. They differ 
from some other lypes of markers, e.g., from isozymes, in 
that tbey reflect the primary DNA sequence, they are not 
products of transcription or translation. Furthermore, differ- 
ent RFLP genetic marker profiles result from different arrays 
of restriction endonucleases. 

The RFLP genetic marker profile of each of the parental 
inbreds and exemplary resultant hybrids were determined. 
Because an inbred is essentially homozygous a I all relcvani 
loci, an inbred should, in almost all cases, have only one 
allele at each locus. In contrast, a diploid genetic marker 
profile of a hybrid should be the sum of those parents, e.g., 
if one inbred parent had the allele A at a particular locus, and 
the other inbred parent had B, the hybrid is AB by inference. 
Subsequent generations of progeny produced by selection 
and breeding are anticipated to be of genotype A, B, or AB 
for that locus position. When the Fl plant is used to produce 
an inbred, the locus should be either A or B for that position. 
Surprisingly, it has been observed that in certain instances, 
novel RFLP genotypes arise during the breeding process. 
For example, a genotype of C is observed at a particular 
locus position from the cross of parental inbreds with A and 
B at that locus. Such a novel RFLP genotype is observed for 
the 87D1A4, at least, for the RFLP markers M5213S and 
M8B2369S, as shown in Table 8. These novel RFLP markers 
further define the 87DIA4 inbred from the parental inbreds 
from which it was derived. An RFLP genetic marker profile 
of 87D1A4 is presented in Table 8. 
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TABLE 8 



RFLP PROFILE OF 87PIA4 



65 



PROBE/ENZYME 


87DIA4 


2FACC 


3A2A3 


AQA3 


M0264H 


D 


O 


G 


D 


M0306H 


A 


A 




A 


M0445E 


c 


B 


B 


C 


M1120S 


F 




D 


F 


M1234H 


D 


D 


E 


E 


M1236H 


A 


A 




A 


M1238H 


A 


A 


F 


K 


M1401E 


C 


C 


C 


A 


M1406H 


A 




B 


B 


M1447H 


B 


B 


E 


B 


M1B725E 


B 


B 


C 


C 


M2239H 


A 


A 


C 


C 


M2297H 


A 


A 


E 


A 
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RFLP PROFILE OF 87DIA4 






PROBE/ENZYME 


87DLA4 


2FACC 


3AZA1 


AOA3 


M2298E 






n 
ty 


C 


C 


M2402H 




£ 




E 


E 


M3212S 




A 


A 


B 


A 


M3247E 




D 


B 


D 


D 


M3257S 




B 


B 


B 


B 


M3296H 




D 


A 


D 


D 


M3432H 




A 


1 


A 


A 


M3446S 




C 


B 


C 


C 


M3457E 




E 


E 


E 


E 


M4386H 




B 


B 


A 


A 


M4396H 




H 


H 


F 


F 


M4444H 




B 


B 


A 


A 


M4UMC19H 




A 


A 


A 


A 


M4UMC33S 




D 


A 


B 


D 


M5213S 




B 


A 


B 


A 


M5295E 




Q 


D 


C 


C 


M5408H 




A 




A 


A 


M5579S 




B 


B 


B 


B 


M5UMC95H 








B 


B 


M6223E 




Q 


Q 


C 


C 


M6252H 




£) 




D 


E 


M6280H 








A 


A 


M6373E 








A 


A 


M7263E 








A 


A 


M7391H 




Q 


Q 


A 


A 


M7392S 




C 


c 


B 


C 


M7455H 




A 


A 


C 


C 


M8110S 




c 


C 


C 


c 


M81J4E 




B 


B 


E 


E 


M8268H 




B 


B 


B 


B 


M8585H 




A 


A 


A 


A 


M8B2369S 




B 


D 


B 


D 


M8UMC48E 




C 


C 


C 


C 


M9209E 




C 


C 


A 


A 


M9266S 




A 


A 


C 


C 


M9B713S 




A 


A 


B 


B 


M2UMC34H 




D 


D 


D 




M6UMC85H 




A 


A 


A 




M9UMC94H 




E 


E 


B 




M3UM121X 




C 


C 


C 




MOUMC330 




c 


H 







■Probes used to detect RFLPs aic fiom Linkage Genetics, 1515 West 2200 
South, Suite C, Salt Lake City, Utah 84119. 



TABLE 9 

ISOZYME PROFILE OF 87D1A4 



ISOZYME ALLELE 



20 



LOCUS 


87DIA4 


2FACC 


3AZA1 


AO A3 


Acphl 










Adhl 


< 


4 


4 


4 


Ot3 


9 


9 


9 


9 


Ooll 


A 


4 


4 


4 


Go 12 


A 


4 


4 


4 


Goi3 


A 


4 


4 


4 


Idhl 


A 


4 


4 


4 


ldb2 


6 


6 


6 


6 


Mdhl 


<i 


6 


6- 


6 


Mdh2 


3-5 


3.5 


6 




Mdh3 


16 


16 


16 


16 


Mdh4 


12 


12 


12 


12 


Mdh5 


12 


12 


12 


12 


PgmJ 


9 


9 


9 


9 


Pgm2 


A 


4 


4 


4 


6Pgdl 


3.8 


3.8 


3.8 


3.8 


6Pgd2 


5 


5 


5 


5 


Phil 


4 


4 


4 


5 



•Allele is probably a 6. but null cannot be ruled out. 



25 The present invention also contemplates a hybrid genetic 
complement formed by the combination of a haploid genetic 
complement of the corn plant 87DIA4 with a haploid genetic 
complement of a second corn plant. Means for combining a 
haploid genetic complement from the foregoing inbred with 

30 another haploid genetic complement can be any method 
hereinbefore for producing a hybrid plant from 87DIA4. It 
is also contemplated that a hybrid genetic complement can 
be prepared using in vitro regeneration of a tissue culture of 
a hybrid plant of this invention. 

35 A hybrid genetic complement contained in the seed of a 
hybrid derived from 87DLA4 is a further aspect of this 
invention. Exemplary hybrid genetic complements are the 
genetic complements of the hybrid 4033843. 

Table 10 shows the identifying numbers of the alleles for 

4 0 the hybrid 4033843, which are exemplary RFLP genetic 
marker profiles for hybrids derived from the inbred of I he 
present invention. Table 10 concerns 4033843, which has 
87DIA4 as one inbred parenl. 
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Another aspect of this invention is a plant genetic comple- 
ment characterized by a genetic isozyme typing profile. 
Isozymes are forms of proteins thai are distinguishable, for 
example, on starch gel electrophoresis, usually by charge 
and/or molecular weight. The techniques and nomenclature 
for isozyme analysis are described in, Stuber et al. (1988), 
which is incorporated by reference. 



TABLE 10 
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A standard set of loci can be used as a reference set. 
Comparative analysis of these loci is used to compare the 
purity of hybrid seeds, to assess the increased variability in 
hybrids compared to inbreds, and to determine the identity 
of seeds, plants, and plant parts. In this respect, an isozyme 60 
reference set can be used to develop genotypic "finger- 
prints/* 

Table 9 lists the identifying numbers of the alleles at 65 
isozyme loci types, and represents the exemplary genetic 
isozyme typing profile for 87D1A4. 



RFLP PROFILE FOR 4033843 



Probe/Enzyme Combination 


Allelic Pau 


M0264H 


DH 


M03O6H 


AA 


M0445E 


BC 


M1120S 


EF 


M1234H 


AD 


M1238H 


AE 


M1401E 


AC 


M1406H 


AB 


M1447H 


BB 


M1B725E 


BB 


M2239H 


AD 


M2297H 


AC 


M2298E 


CC 


M2402H 


EE 


M3232S 


AC 


M3257S 


AB 


M3296H 


CD 


M3432H 


AA 


M3446S 


CF 


M3457E 


EE 


M4386H 


BD 
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RFLP PROFILE FOR 4033843 



Probe/Enzyme Combination 



Allelic Paii 



M4396E 


HH 


M4444H 


AB 


M4UMCJ9H 


AA 


M4UMC31S 


AD 


M5213S 


AB 


M5408H 


AA 


M6223E 


BC 


M6232H 


AD 


MoioUn 


EG 


M6373E 


AE 


M7263E 


AA 


M7391H 


AC 


M7392S 


AC 


M7455H 


AB 


M8110S 


AC 


M8114E 


BB 


M8268H 


BL 


M85B5H 


AB 


M8B2369S 


BB 


M8UMC48E 


CC 


M9209E 


AC 


M9266S 


AA 


M9B713S 


AA 


M2UMC34H 


DF 


M9UMC94H 


EE 


M3UM121X 


CD 


M0UMC130 


CC 
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20 



25 



•Probe* used to detect RFLP* are from Linkage Genetics, 1515 West 2200 
Souib, Suite C, Sail Lake Gty, Utah 84119. 

The exemplary hybrid genetic complements of hybrid 
4033843 may also be assessed by genetic isozyme typing 
profiles using a standard set of loci as a reference, set, using, 
e.g., the same, or a different, set of loci to those described 
above. Table 11 lists the identifying numbers of the alleles 
at isozyme loci types and presents the exemplary genetic 
isozyme typing profile for the hybrid 4033843, which is an 
exemplary hybrid derived from the inbred of the present 
invention. Table 11 concerns 4033843, which has 87DIA4 as 
one inbred parent. 

TABLE 11 

ISOZYME GENOTYPE FOR 
HYBRID 4033843 



LOCUS 



ISOZYME ALLELES 



Acphl 


2 


Adfal 


4 


Cat3 


9 


Gotl 


4 


Got2 


4 


Got3 


4 


Idhl 


4 


ldh2 


6 


Mdh] 


6 


Mdh2 


3.5 


Mdb3 


16 


Mdh4 


12 


Mdh5 


12 


Pgml 


9 


Pgm2 


4 


6-Pgdl 


3.8 


6-Pgd2 


5 


Phil 


4 



All of the compositions and methods disclosed and 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 



described in terms of the foregoing illustrative 
embodiments, it will be apparent to those of skill in the ari 
that variations, changes, modifications and alterations may 
be applied to the composition, methods, and in the steps or 

5 in the sequence of steps of the methods described herein, 
without departing, from the true concept, spirit and scope of 
the invention. More specifically, it will be apparent that 
certain agents that are both chemically and physiologically 
related may be substituted for the agents described herein 

10 while the same or similar results would be achieved. All 
such similar substitutes and modifications apparent to those 
skilled in the art are deemed to be within the spirit, scope and 
concept of the invention as defined by the appended claims. 
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Derived Maize Callus," Theoretical and Applied 20. The inbred corn plant of claim 18, having a genetic 

Genetics, 77:889-392, 1989. isozyme typing profile in accordance with the profile shown 

What is claimed is: in Table 9. 

1. Inbred com seed of the com plant designated 87D1A4, 2J ^ ; nbrcd conj p i am 0 f claim 18, having an RFLP 

a sample of the seed of said corn plant having been deposited 5 gcnelic ma rker pro fii e and a genetic isozyme typing profile 
under ATCC Accession No - 203192^ accordance with the profiles shown in Tables 3 and 9. 

1 The inbred corn seed of claim 1, further defined as an r . , . 

essenS; homogeneous population of inbred com seed 22. A process of preparing corn seed, comprising crossing 

designated 87D1A4. * first parent corn plant with a second parent corn plant, 

3. The inbred corn seed of claim 1, further defined as JQ wherein said first or second corn plant is the inbred com 
essentially free from hybrid seed. plant 87D1A4, a sample of the seed of said com plant having 

4. An inbred corn plant produced by growing the seed of bccn deposited under ATCC Accession No. 203192, wherein 
an inbred corn plant designated 87D1A4, a sample of the ^ 6 fa a]]owed to form 

seed of said corn plant having been deposited under ATCC ^ ^ prOCCSS of daim 2 2, further defined as a process 

Accession No. 203192. 35 Qf prC p arm g hybrid com seed, comprising crossing a first 

5. Pollen of the plant of claim 4. ^ ^ a &isl[na inbfcd com planI> 

printed by growing the seed of an inbred corn plant plant 87D1A4 a sample ot the seed of » JcompUm haviog 

designated 87DIA4, a sample of lhe seed of said corn plant 2Q been deposited under ATCC Accession No. 203192. 

having been deposited under ATCC Accession No. 203192. 24. The process of claim 23, wherein crossing composes 

8. A corn plant having all the physiological and morpbo- lne sleps Q f : 

logical characteristics of corn plant 87DI A4, a sample of the planting in pollinating proximity seeds of said first and 

seed of said corn plant having been deposited under ATCC inbrcd cQm pUms; 

Accession No. 203192 25 ^rivaling the seeds of said first and second inbred 

9 The com plant of claim 8, further comprising a cyto- w a & 

y. me w " corn plants into plants that bear flowers 

plasmic factor conferring male stenbty. w,u ^ v 

10. A tissue culture of regenerable cells of inbred corn ( c ) emasculating the male flowers of said first or second 

plaint 87DIA4, wherein the tissue regenerates plants having inbred com plant to produce an emasculated com plant; 

all the physiological and morphological characteristics of ^ ^ a ]] owmg cross-pollination to occur between said first 

corn plant 87D1A4, a sample of the seed of said com plant ^ sccond inbrcd QQm p ] anls; ^ 

having been deposited u «^ r ^ n CA ^ ccssi ^ N °-^ p ( c ) harvesting seeds produced on said emasculated corn 

11 The tissue culture of claim 10, wherein the regenerable w u« & v 

cells are ^^ f ^ m ^i^^^ 2S ? Z process of claim 24, further comprising growing 

HA coS plant regenerated from the tissue culture of 26. Hybrid corn seed produced by the process of claim 23. 

claim 10, having all lie physiological and morphological 27. A hybrid com plant produced by the process of claim 

characteristics of corn plant 87D1 A4, a sample of the seed of 25. 

said com plant having been deposited under ATCC Acces- ^ 28. The hybrid corn plant of claim 27, wherein the plant 

sion No. 203192: is a first generation (FJ hybrid corn plant. 

13. An inbred com plant cell of the com plant of claim 4 29. The corn plant of claim 8, further comprising a single 
having: gene conversion. 

(a) ao RFLP genetic marker profile in accordance with the 30. The com plant of claim 29, wherein the single gene 
profile shown in Table 8; or 45 was stably inserted into a corn genome by transformation. 

(b) a genetic isozyme typing profile in accordance with 31. The single gene conversion of lhe corn plant of claim 
the profile shown in Table 9. 29, where the gene is a dominant allele. 

14. The inbred com plant cell of claim 13, having an 32. The single gene conversion of the corn plant of claim 
RFLP genetic marker profile in accordance with the profile 29, where the gene is a recessive allele. 

shown in Table 8. 50 33. The single gene conversion corn plant of claim 29, 

15. The inbred corn plant ceO of claim 13, having a whcfc lfac gCQC con f crs herbicide resistance. 

genetic isozyme typing profile in accordance with the profile ^ ^ singJe gCDC conversion Q f ln e com plant of claim 

shown in Table 9. .29, where the gene confers insect resistance. 

16. The inbred com plant cell of claim 13, having an ^ ^ of lhc wm p1anl of daim 
RFLP genetic marker profile and a genetic isozyme typing 55 ^ cQnfcrs fcsislancc |Q burial, fungal, or 
profile in accordance with the profiles shown in Tables 8 and ^ B 

9- . 36. The single gene conversion of the com plant of claim 

17. The inbrcd con, plant cell of cla,m 13, located wHh.n ^ » ^ ^ y 

" 7 fitSSn. Plan, of claim 4 having: 60 37. Toe single gene conversion of the corn plan, of claim 

1 „ „ . , ,. . .^,„~.«,iihilw 29. where the gene confers waxy starch. 

(a) an RFLP genet.c marker profile ,n accordance w,,h the ^ ^ ^ inversion of the corn plant of claim 
profile shown in Table 8; or „. nDe ftHlh 29, where the gene confers improved nutritional quality. 

(b) a genettc tsozyme typing profile m accordance wrtb ^ ^ ^ of , be plaol of clairo 

V *tSS£Si 52 Of claim 18, having an RFLP 65 29, where the gene confers enhanced yield stability, 
genetic marker profile in accordance with lhe profile shown „ • • » • 

in Table 8. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 5,936,145 
DATED : August 10, 1999 

INVENTOR(S) : Peter J. Bradbury 



Page 1 of 6 



It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below. k ^ co , or of ^ husks 1 to 2 

In col. 5. at lines 4647. pleye delete k „ ^ substitute therefor - 

2S£SE£ Sol S 1 to 2 Ld- after pollination score, as 

green, red, or purple-. 

_ ™ . « V praee number of ears per 

ears per plant-- 

cl . . xu. average number of internodes on 

to cc «. a lines 51-53. please « ^^d, porple, pale purple, colorless, or 
as while, pink. a.. brow«. °g£TSScota: The color of Ore aleurooe 

variegated—. 

„ eo, 6. - ooes 57-5,. please ^^«-»* 

ycllOW-. 

^r^oSy^Toonn,,.^y.oropa q ce-. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO- 
DATED 
INVENTOR® 



5,936,145 
August 10, 1999 
Peter J. Bradbury 



Page 



2 of 6 



H is certified thai errors appear in tie 
i ™l fs at lines 65-66 please delete "Kernel-Number Per The average number of 
average number of kernels in a single row-. 

in col 7 at lines 1-3, please delete "Kernel-Pericarp The color of the pericarp scored as 
cXess red-whitecrown,tan.Co^^ . 
variegS and substitute therefor - Kernel-Pericarp Colon The : colorof ti^ncarp 
3 as colorless, red-white crown, tan. bronze, brown, bght red, cherry red, or 
variegated—. 

la col 7 at lines 4-6, please delete "Kernel-Row The direction of the kernel rows on the 
Scored as^traigh DirecUon: sligbdy curved, spiral, or indrstmct (scattered) and 
sSe tTerefor ^Kernel-Row Direction: The direction of the kernel rows on the ear 
scored as straight, slighdy curved, spiral, or indistinct (scattered)-. 

In col 7 at lines 30-33. please delete "Leaf-Longitudinal A rating of the number of 
^mdinll crepes on ^ 

Sored as absent, few. or many" and substitute therefor ^^Z^^ 
A rating of the number of longitudinal creases on the leaf surface 1 to 2 weeks after 
pollination. Creases are scored as absent, few. or many-. 

In col 7. at lines 34-36, please delete "Leaf-Marginal A rating of the waviness of the 
^af margin 1 to 2 weeks after Waves: pollination. Rated as none, few or many and 
s^stiSerefor -Leaf-Marginal Waves: A rating of the wavmess of the leaf margm 
1 to 2 weeks after pollination. Rated as none, few, or many-. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,936,145 Page 3 of 6 

DATED : Apgust1(X1999 

MVEMTOR(S) : Peter J. Bradbury 

. itscertfrrithateno* 
shcwnbeiow: 

In col. 7, at lines 40-43, please delete "Leaf-Sheath A rating of the level of anthocyanin 
in the leaf sheath 1 to 2 weeks Anthocyanin: after pollination, scored as absent, basal- 
weak, basal-strong, weak or strong" and substitute therefor -Leaf-Sheath Anthocyanin: 
A rating of the level of anthocyanin in the leaf sheath 1 to 2 weeks after pollination, 
scored as absent, basal-weak, basal-strong, weak or strong-. 

In col. 7, at lines 44-46, please delete "Leaf-Sheath A rating of the pubescence of the 
leaf sheath. Ratings are taken 1 Pubescence: to 2 weeks after pollination and scored as 
light, medium, or heavy" and substitute therefor -Leaf-Sheath Pubescence: A rating of 
the pubescence of the leaf sheath. Ratings are taken 1 to 2 weeks after pollination and 
scored as light, medium, or heavy-. 

In col. 8, at lines 19-21 , please delete "Stalk-Brace Root The color of the brace roots 
observed 1 to 2 weeks after pollination Colon as green, red, or purple" and substitute 
therefor -Stalk-Brace Root Colon The color of the brace roots observed 1 to 2 weeks 
after pollination as green, red, or purple—. 

In col. 8, at lines 27-29, please delete "Stalk-lnternode The direction of the stalk 
interaode observed after pollination as Direction: straight or zigzag" and substitute 
therefor -Stalk-lnternode Direction: The direction of the stalk intemode observed after 
pollination as straight or zigzag-. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 

DATED 

INVENTOR© 



Page 



4 of 6 



5336.145 
August 10, 1999 
Peter J.Bracbury 

ntheabowendertSedpatertar^ 



It fe certfed 1hat enors appear 
shcwnbebw. 

in ml 8 at lines 30-3 1, please delete "Stalk-lnternode The average length of the 
Length: The average length of the internode above the primary ear-. 

In col. 8, at lines 35-36, please delete "Stalk-lntemode With The average .number of 
nodes having brace roots per plant Brace Roots:" and substitute therefor -Sudk- 
L^mode with Brace Roots: The average number of nodes having brace roots per 
plant—. 

In col 8, at lines 65-66, please delete Tassel-Branch The average number of primary 
tisel branches. Number:" and substitute therefor -Tassel-Branch Number The 
average number of primary tassel branches-. 

inml 9 at lines 7-9 please delete "Tassel-Peduncle The average length of the tassel 
££££ ^ed tan the base of the flag leaf to the base Length: of the bottom 
Sd branch" and substitute therefor -Tassel-Peduncle Length: The average length of 
Mussel peduncle, measured from the base of the flag leaf to the base of the bottom 
tassel branch—. 

In col. 13, at line 26, delete "3AZA1" and substitute therefor -AQA3-. 

In col. 14, at line 52, delete "87DIA1 14" and substitute therefor -87DIA4-. 

In col. 30, at line 4, . delete "DEKALB Plant Genetics" and substitute therefor - 
DEKALB Genetics Corporation-. 
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CERTIFICATE OF CORRECTION 
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5,936,145 
August 10, 1999 
Peter J-Bradxiy 

^o^eno^ntreab^^ 
shown below 

At col 17 in Table 5 delete all rows under "4. EAR" and ending with Endosperm 
Color" and substitute therefor the following rows - 



PATENT NO- 
DATED 
NVB^TOFKS) 



EAR 

Silk Color 
Number Per Stalk 
Position (attitude) 
Length cm- 
Shape 

Diameter cm. 
Weight gm. 
Shank Length cm- 
Husk Bract 
Husk Cover cm- 
Husk Color Fresh 
Husk Color Dry 
Cob Diameter cm- 
Cob Color 
Shelling Percent 



Pink 


Pink 


1.0 


1.0 


Upright 




14.6 


16.0 


Semi-conical 


Serai-conical 


4.0 


3.8 


104.9 


100.6 


103 


14.1 


Short' 


Short 


6.4 


2.5 


Green 


Green 


Buff 


Buff 


23 


2.4 


Red 




87.7 


80.6 



1.0 
14.6 

Semi-conical 

4.0 

103.2 

10.1 

Short 

4.4 

Green 

Buff 

2.3 

Red 

89.0 



Red 
1.4 

Upright 
15.6 

Semi-conical 

3.9 

107.6 

9.6 

Snort 

3.7 

Green 

Buff 

2.1 

Red 

833 
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It is cerffied thai errors appear in the 
shwvnbetow- 

5. KERNEL 
Row Number 
Number Per Row 
Row Direction 
Type 

Cap Color 

Side Color 

Length (depth) mm. 

Width mm. 

Thickness 

Weight of 1000K gm. 
Endosperm Type 
Endosperm Color 



*s hereby oorredec) as 



14.6 


14.8 


32.1 


27.1 


Curved 


Curved 


Dent 




Yellow 


Yellow 


Deep Yellow 




11.1 


9.4 


7.8 


8.0 


3.9 


5.2 


269.0 


252.4 


Normal 


Normal 


Yellow 


Yellow 



163 

29.3 

Curved 

Dent 

Yellow 

Orange 

10.9 

7.4 

4.4 

233.0 

Normal 

Yellow 



153 
29.7 
Curved 

Yellow 

103 

7.8 

4.2 

247.8 

Normal 

Yellow- 



Signed and Sealed this 
Twenty-seventh Day of February, 2001 

NICHOLAS P.COD1CI 



Attesting Officer 



Aaiug Director <tf the Uniitd Stales Patent and Trademark Office 



EXHIBIT E 



The opinion in support of the decision being entered today was hot written 
for publication and is not binding precedent of the Board. 
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^•^J Ex parte Francis L. Garing 

k^°/ 0<: Appeal No. 2004-2343 1 
i Application No. 09/772,520 



ON BRIEF 2 



BAILED 



MAR 3 1 2005 

US PATENT AND TRADEMARK OFFICE 
' BOARD OF PATENT APPEALS 

AND INTERFERENCES 



Before SCHEINER, ADAMS and GREEN, Administrative Patent Judges . 
ADAMS, Administrative Patent Judge . 

DECISION ON APPEAL 

This is a decision on the appeal under 35 U.S.C. § 134 from the 
examiner's final rejection of claims 3, 6, 1 1, 14-20 and 24-31. The examiner has 
indicated that claims 1 , 2, 5, 7-10, 12, 13 and 21-23 are allowable. Claim 4 is 
cancelled. 



' This appeal is substantially similar to Appeal No. 2004-1503. Application No. 09/606,808; 
Appeal No. 2004-1506, Application No. 09/788.334; Appeal No. 2004-1968. Application No. 
10/00.031 1; Appeal No. 2004-2317. Application No. 09/771.938; and Appeal No. 2005-0396. 
Application No. 10/077,589, which all share the same assignee. Monsanto Company, the parent 
of wholly-owned subsidiary DeKalb Genetics Corporation. Accordingly we have considered these 
appeals together. 

2 We note that appellant waived his request for Oral Hearing. See Paper received December 3. 
2004. 
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Claims 3, 6, 15, 16, 17, 27, 28 and 30 are illustrative of the subject matter 
on appeal and are reproduced below. In addition, for convenience, we have 
reproduced allowable claims 2 and 5 below: 

2. A population of seed of the corn variety I026458, wherein a sample of the 
seed of the corn variety I026458 was deposited under ATCC Accession 
No. PTA-3228. 

3. The population of seed of claim 2, further defined as an essentially 
homogeneous population of seed. 

5. A corn plant produced by growing a seed of the corn variety I026458, 
wherein a sample of the seed of the corn variety I026458 was deposited 
under ATCC Accession No. PTA-3228. 

6. The corn plant of claim 5, having: 

(a) an SSR profile in accordance with the profile shown in Table 6; or 

(b) an isozyme typing profile in accordance with the profile shown in 
Table 7. 

15. A corn plant capable of expressing all the physiological and 
morphological characteristics of the corn variety I026458, wherein a 
sample of the seed of the corn variety I026458 was deposited under 
ATCC Accession No. PTA-3228. 

16. The corn plant of claim 15, further comprising a nuclear or cytoplasmic 
gene conferring male sterility. 

17. A tissue culture of regenerate cells of a plant of corn variety I026458, 
wherein the tissue is capable of regenerating plants capable of 
expressing all the physiological and morphological characteristics of the 
corn variety I026458, wherein a sample of the seed of the corn variety 
I026458 was deposited under ATCC Accession No. PTA-3228. 

27. The corn plant of claim 5, further defined as having a genome comprising 
a single locus conversion. 

28. The corn plant of claim 27, wherein the single locus was stably inserted 
into a corn genome by transformation. 

30. The corn plant of claim 27, wherein the locus confers a trait selected from 
the group consisting of herbicide tolerance; insect resistance; resistance 
to bacterial, fungal, nematode or viral disease; yield enhancement; waxy 
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starch; improved nutritional quality; enhanced yield stability; male sterility 
and restoration of male fertility. 

The references relied upon by the examiner are: 

Hunsperger et al. (Hunsperger) 5,523,520 Jun. 4, 1996 

Eshed et al. (Eshed), "Less-Than-Additive Epistatic Interactions of Quantitative 
Trait Loci in Tomato," Genetics , Vol. 143, pp. 1807-1 7 (1996) 

Kraft et al. (Kraft), "Linkage Disequilibrium and Fingerprinting in Sugar Beet," 
Theoretical and Applied Genetics . Vol. 101, pp. 323-36 (2000) 

GROUNDS OF REJECTION 

Claim 3 stands rejected under 35 U.S.C. § 112, second paragraph as 

indefinite in the recitation of the phrase "an essentially homogeneous population 

of seed." 

Claim 14 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrase "[a]n essentially homogeneous 
population of corn plants produced by growing the seed of the corn variety 
1 026458." 

Claims 6 and 11 stand rejected under 35 U.S.C. § 1 12, second paragraph 
as indefinite in the recitation of the phrase "in accordance with." 

Claims 15, and 17-20 3 stand rejected under 35 U.S.C. § 112, second 
paragraph as indefinite in the recitation of the phrase "capable of expressing." 



3 According to the examiner (Answer, pages 12 and 13), since claims 18 and 19 depend from 
claim 17 they are included in this rejection. 
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Claims 16 and 27-30 4 stand rejected under 35 U.S.C. § 1 12, second 
paragraph as failing to limit the scope of the claims from which they depend. 

Claim 28 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of "the article 'a* in the recitation 'wherein the single 
locus was stably inserted into a corn genome. 1 " 

Claim 30 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of the phrases "yield enhancement," "improved 
nutritional quality," and "enhanced yield stability." 

Claims 6, 11, 24-31 5 stand rejected under the written description provision 
of 35 U.S.C. § 112, first paragraph. 

Claims 27-30 stand rejected under the enablement provision of 35 U.S.C. 
§ 112, first paragraph. 

We reverse. 



4 According to the examiner (Answer, page 4), w [c]laims ... 27-30 ... stand rejected under 35 
U.S.C. [§] 112, second paragraph..." The examiner, however, provides no explanation as to why 
claim 29 is rejected. We can only assume that since claim 29, as well as claims 28 and 30, each 
depend from claim 27, they are rejected for the same reason as claim 27. Accordingly, we have 
included claims 28-30 with this ground of rejection. 

5 We recognize the examiner's statement (Answer, page 3), "[cjlaim 26 was objected to in the 
Office Action mailed 23 September 2003, as being in improper dependent form for failing to 
further limit the subject matter of previous claim. Appellant did not address this objection. An 
objection to a claim, however, is the subject matter of a petition, and is not properly before us on 
appeal. Nevertheless, we make the following observation regarding claim 26, and encourage the 
examiner and appellant to work together to remedy this issue, prior to any further action on the 
merits. 

According to appellant's specification (page 20), a F t hybrid is "[t]he first generation progeny of 
the cross of two plants." Therefore, as we understand the prosecution history as well as the 
language of the claims, claims 24 and 25 to refer to F t hybrids. In this regard, we note that similar 
claims, directed to a different corn variety, were presented for our review in Appeal Nos. 2004- 
1506 and 2004-2317. During the oral hearing in Appeal Nos. 2004-1506 and 2004-2317, 
appellant's representative confirmed that all claims drawn to hybrid plants or hybrid seeds ( see 
e.g. . claims 24 and 25) refer to F t hybrids. Accordingly, it appears that claim 26 fails to further, 
limit claim 25 from which it depends. 
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BACKGROUND 

The present "invention relates to inbred corn seed and plants of the 
variety designated 1026458, and derivatives and tissue cultures thereof." 
Specification, page 2. According to appellant (specification, page 28), "[a] 
description of the physiological and morphological characteristics of corn plant 
1026458 is presented in Table 3" of the specification, pages 28-29. On this 
record the examiner has indicated that claims drawn to plants, plant parts, and 
seed of the corn variety designated 1026458 are allowable. See claims 1 , 2, 
5, 7-10, 12 and 13, and Answer, page 2, wherein the examiner states "[cjlaims 1. 
2, 5, 7-10, 12 [and] 13 ... are allowed." 

A second aspect of the present invention comprises hybrid plants and 
processes "for producing [first generation (F,) hybrid 6 ] corn seeds or plants, 
which ... generally comprise crossing a first parent corn plant with a second 
parent corn plant, wherein at least one of the first or second parent corn plants is 
a plant of the variety designated I026458." Specification, pages 7-9. On this 
record the examiner has indicated that claims drawn to a process of producing 
corn seed wherein the process comprises crossing a first parent corn plant with a 
second parent corn plant are allowable. See og^, claims 21-23 and Answer, 
page 2, wherein the examiner states claims "21-23 are allowed." 



6 According to the specification (page 21), a F, hybrid is "[t]he first generation progeny of the 
cross of two plants." During oral hearing, appellant confirmed that all claims drawn to hybrid 
plants or hybrid seeds (see e^g.. claims 24 and 25) refer to F, hybrids. 
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A third aspect of the present invention comprises single locus converted 

plants of the corn variety 1026458. Specification, page 6. As appellant explains 

(specification, page 23, emphasis added), single locus converted (conversion) 

plants are those plants 

which are developed by a plant breeding technique called 
backcrossing wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in 
addition to the characteristics conferred by the single locus 
transferred into the inbred via the backcrossing technique. A single 
locus may comprise one gene, or in the case of transgenic plants, 
one or more transgenes integrated into the host genome at a single 
site (locus). 

As appellant explains (specification, page 31): 

Many single locus traits have been identified that are not regularly 
selected for in the development of a new inbred but that can be 
improved by backcrossing techniques. Single locus traits may or 
may not be transgenic; examples of these traits include, but are not 
limited to, male sterility, waxy starch, herbicide resistance, 
resistance for bacterial, fungal, or viral disease, insect resistance, 
male fertility, enhanced nutritional quality, industrial usage, yield 
stability, and yield enhancement. These genes are generally 
inherited through the nucleus, but may be inherited through the 
cytoplasm. Some known exceptions to this are genes for male 
sterility, some of which are inherited cytoplasmically, but still act as 
single locus traits. 

A final aspect of the present invention is directed to a process of 
producing an inbred corn plant derived from a plant of the corn variety I026458. 
See og^, claim 31. According to appellant's specification (bridging paragraph, 
pages 10-11), 

the present invention provides a method of producing an inbred 
com plant derived from the corn variety I026458, the method 
comprising the steps of: (a) preparing a progeny plant derived from 
corn variety I026458, wherein said preparing comprises crossing a 
plant of the corn variety I026458 with a second corn plant, and 
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wherein a sample of the seed of corn variety 1026458 has been 
deposited under ATCC Accession No. PTA-3228; (b) crossing the 
progeny plant with itself or a second plant to produce a seed of a 
progeny plant of a subsequent generation; (c) growing a progeny 
plant of a subsequent generation from said seed of a progeny plant 
of a subsequent generation and crossing the progeny plant of a 
subsequent generation with itself or a second plant; and (d) 
repeating steps (c) and (d) for an addition 3-10 generations to 
produce an inbred corn plant derived from the corn variety I026458. 
In the method, it may be desirable to select particular plants 
resulting from step (c) for continued crossing according to steps (b) 
and (c). By selecting plants having one or more desirable traits, an 
inbred corn plant derived from the corn variety I026458 is obtained 
which possesses some of the desirable traits of corn variety 
I026458 as well potentially other selected traits. 

According to the examiner (Answer, page 36), "[t]he patentability of the method 

of claim 31 does not lie in the acts of the process, which are the simple acts of 

crossing corn plants, allowing progeny seed to be produced, and growing 

progeny plants from the seed. .." Therefore, as we understand this aspect of the 

claimed invention (e.g. , claim 31), the intent is not to claim a specific inbred corn 

plant resulting from the claimed process. See claim 31 . Instead, as we 

understand it, claim 31 is drawn to a process wherein an inbred corn plant is 

derived from the corn variety I026458. 

As appellant explains (specification, page 3), 

The development of uniform corn plant hybrids requires the 
development of homozygous inbred plants, the crossing of these 
inbred plants, and the evaluation of the crosses. Pedigree breeding 
and recurrent selection are examples of breeding methods used to 
develop inbred plants from breeding populations. Those breeding 
methods combine the genetic backgrounds from two or more 
inbred plants or various other broad-based sources into breeding 
pools from which new inbred plants are developed by selflng and 
selection of desired phenotypes. The new inbreds are crossed with 
other inbred plants and the hybrids from these crosses are 
evaluated to determine which of those have commercial potential. 
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We emphasize, that while "new inbreds" having commercial potential may result 
from the method set forth in claim 31 , the claim does not encompass any specific 
plant that is produced as a result of the method. Rather the claim encompasses 
only a method of producing an inbred corn plant that is " derived " from the corn 
variety I026458. The examiner has indicated that a claim drawn to a corn plant 
of the corn variety I026458 is allowable. See e.g. , claim 5, and Answer, page 2, 
wherein the examiner states that claim 5 is allowed. 

Against this backdrop, we now consider the rejections of record. 

DISCUSSION 

Definiteness : 

Claims 3, 6, 11, 14-20 and 27-30 stand rejected under 35 U.S.C. § 112, 
second paragraph. For the following reasons we reverse. 

Claim 3 

Claim 3 depends from independent claim 2, and stands rejected under 35 
U.S.C. § 112, second paragraph as indefinite in the recitation of the phrase "an 
essentially homogeneous population of seed...." Answer, page 4. According to 
the examiner (idj, claim 2 is drawn to "'[a] population of seed of the corn variety 
I026458, wherein a sample of the seed of the corn variety I026458 was 
deposited under ATCC Accession No. PTA-3228." Thus, the examiner finds 
(Answer, page 5), the population of seed set forth in claim 2 "is a homogeneous 
population of seed of corn variety I026458." Accordingly, the examiner finds 
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(id), "[t]he recitation, 'essentially homogeneous/ in claim 3 ... appear[s] to be 
superfluous." 

However, as disclosed in appellant's specification (page 5), 

[essentially homogeneous populations of inbred seed are those 
that consist essentially of the particular inbred seed, and are 
generally free from substantial numbers of other seed, so that the 
inbred seed forms between about 90% and about 100% of the total 
seed, and preferably, between about 95% and about 100% of the 
total seed. 

Accordingly, we disagree with the examiner's assertion (Answer, page 6) 
that claim 3 is unclear simply because it may contain seed other than the seed of 
the corn variety I026458. We remind the examiner that claim language must be 
analyzed "not in a vacuum, but always in light of the teachings of the prior art 
and of the particular application disclosure as it would be interpreted by one 
possessing the ordinary skill in the pertinent art." In re Moore , 439 F.2d 1232, 
1235, 169 USPQ 236, 238 (CCPA 1971). Here, notwithstanding appellant's 
comments 7 , it is our opinion that a person of ordinary skill in the art would 
recognize that an essentially homogeneous population of seed of the corn 
variety I026458 is a population of seed that is generally free from substantial 
numbers of other seed, e.g., wherein com variety I026458 seed forms between 
about 90% and about 100% of the total seed in the population. 8 



7 According to appellant (Brief, page 7), an essentially homogeneous population of seed, is a 
population of seed that could be of non-uniform size and shape. 

8 Cf. the examiner's statement (Answer, page 6), "amending claim 3 to read '[a]n essentially 
homogeneous population of corn seeds consisting essentially of seed of claim 1 ', would obviate 
this rejection." 
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Accordingly, we reverse the rejection of claim 3 under 35 U.S.C. § 1 12, 
second paragraph. 

Claim 14 

Claim 14 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of the phrase H [a]n essentially homogeneous 
population of com plants produced by growing the seed of the com variety 
I026458." Answer, page 6. According to the examiner (id.), "[t]he (026458 seed 
can only produce I026458 plants. ... [Therefore,] [t]he population can ... only 
consist of I026458 plants." Accordingly, the examiner finds it unclear "why the 
population is referred to as 'essentially homogeneous,' since such populations 
can comprise more than one variety of plant." Answer, bridging sentence, pages 
6-7. 

As appellant discloses (specification, page 6), "[t]he population of inbred 
corn seed of the invention can further be particularly defined as being essentially 
free from hybrid seed. The inbred seed population may be separately grown to 
provide an essentially homogeneous population of inbred corn plants designated 
I026458." As we understand the claim, growing the seed of claim 3, for example, 
would produce an essentially homogeneous population of corn plants of the com 
variety I026458. 9 



9 Cf. The examiner's statement (Answer, page 8), amending claim 14 "to read, *[a]n essentially 
homogeneous population of corn plants produced by growing a population of corn seed consisting 
essentially of the seed of corn plant I026458...' would obviate the rejection." 
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In addition, we direct the examiner's attention to Appeal No. 2005-0396, 
wherein a claim similar to claim 14 was presented for our review. In Appeal No. 
2005-0396, the examiner of record indicated that claim 14, directed to "[a]n 
essentially homogeneous population of corn plants produced by growing the 
seed of the corn variety 1180580...." was allowable. Accordingly, we find that the 
examiner has treated claim 14 in a manner that is inconsistent with the 
prosecution of claim 14 in 2005-0396. As we understand it, the only difference 
between claim 14 as it appears in Appeal No. 2005-0396 and the instant appeal 
is the variety of corn seed from which the plant is produced. 

Accordingly we reverse the rejection of claim 14 under 35 U.S.C. § 1 12, 
second paragraph. 

Claims 6 and 11 

Claims 6 and 1 1 stand rejected under 35 U.S.C. § 1 12, second paragraph 
as indefinite in the recitation of the phrase "in accordance with." According to the 
examiner (Answer, page 9), it is unclear if a plant "that generally follows the trend 
of the profile of Table 6, but which differs at one or a few loci, [would] be 
considered in 'conformity' or 'in accordance 1 with the profile of Table 6." 

On this record, we understand the phrase "in accordance with" as it is 
used in claims 6 and 1 1 to mean "the same" 10 Stated differently, we understand 
the claims to read: 

10 Qf- Appeal Nos. 2004-1506 and 2004-2317, which use similar language for claims directed to 
different corn varieties. In this regard, we note that during the February 10, 2005 oral hearing in 
Appeal Nos. 2004-1506 and 2004-2317, appellant's representative confirmed that the phrase "in 
accordance with" was intended to mean "the same". 
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6. The corn plant of claim 5, having: 

(a) the same SSR profile as shown in Table 6; or 

(b) the same isozyme typing profile as shown in Table 7. 

11. The plant part of claim 10, wherein said cell is further defined as having: 

(a) The same SSR profile as shown in Table 6; or 

(b) The same isozyme typing profile as shown in Table 7. 

Accordingly we reverse the rejection of claims 6 and 1 1 under 35 U.S.C. 
§112, second paragraph. 

Claims 15 and 17-20 

Claims 15, and 17-20 stand rejected under 35 U.S.C. § 1 12, second 

paragraph as indefinite in the recitation of the phrase "capable of expressing," or 

"capable of regenerating." According to the examiner (Answer, page 9), the 

claims do "not make clear if the plant actually expresses the traits, or when or 

under what conditions the traits are expressed." In this regard, the examiner 

finds (Answer, page 10), 

while the plant has the capacity to express the characteristics, for 
some reason it may not. Certain characteristics of a plant are 
expressed only at certain times of its life cycle, and are incapable 
of being expressed at other times. The colors of flower parts such 
as silks, or fruit parts such as husks, are examples. The promoters 
of many genes conferring traits require a transcription factor to 
become active. Is a plant that has such a gene, but not the 
transcription factor, considered "capable of expressing" that gene, 
and the trait associated with that gene, and is such a plant 
encompassed by the claims? 

To address the examiner's concerns, we find it sufficient to state that if a plant 

has the capacity to express the claimed characteristics it meets the requirement 

of the claim regarding "capable of," notwithstanding that due to a particular 

phase of the life cycle the plant is not currently expressing a particular 
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characteristic. Alternatively, if a plant is incapable of expressing the claimed 
characteristics at any phase of the life cycle, because it lacks, for example, the 
"transcription factor" required for expression - such a plant would not meet the 
requirement of the claim regarding "capable of." 

Here, we find the examiner's extremely technical criticism to be a 
departure from the legally correct standard of considering the claimed invention 
from the perspective of one possessing ordinary skill in the art. 11 In our opinion, 
a person of ordinary skill in the art would understand what is claimed. Amqen 
Inc. v. Chuqai Pharmaceutical Co., Ltd. . 927 F.2d 1200, 1217, 18 USPQ2d 1016, 
1030 (Fed. Cir. 1991). We find the same to be true for the phrase "capable of 
as set forth in claims 1 7-20. 

Accordingly we reverse the rejection of claims 15, and 17-20 under 35 
U.S.C. § 112, second paragraph. 

Claims 16 and 27-30 
Claims 16 and 27-30 stand rejected under 35 U.S.C. § 1 12, second 
paragraph as failing to limit the scope of the claims from which they depend. 
According to the examiner (Answer, page 1 1 ), since the plant set forth in claim 
16 is male sterile it cannot express all the morphological and physiological 
characteristics of the male fertile corn variety I026458. Similarly, the examiner 
finds it unclear whether the plant set forth in claim 27 has all the characteristics 
of the plant set forth in claim 5, from which claim 27 depends. Id. In response, 



11 Cf. Digital Equipment Corp. v. Diamond, 653 F.2d 701, 724. 210 USPQ 521. 546 (CA 1981). 
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appellant asserts (Brief, pages 9-10), claims 16 and 27 simply add a further 
limitation to the claims from which they depend. We agree. 

For example, claim 16 reads on a corn plant capable of expressing all the 
physiological and morphological characteristics of the corn variety I026458, 
further comprising a nuclear or cytoplasmic gene conferring male sterility. In our 
opinion, the claims reasonably apprise those of skill in the art of their scope. 
Amgen , As set forth in Shatterproof Glass Corp. v. Libbev-Owens Ford Co. . 758 
F.2d 613. 624. 225 USPQ 634, 641 (Fed. Cir. 1985), "fj]f the claims, read in the 
light of the specifications, reasonably apprise those skilled in the art both of the 
utilization and scope of the invention, and if the language is as precise as the 
subject matter permits, the courts can demand no more." 

Accordingly we reverse the rejection of claims 16 and 27-30 under 35 
U.S.C. § 112, second paragraph. 

Claim 28 

Claim 28 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of "the article 'a' in the recitation 'wherein the single 
locus was stably inserted into a corn genome.'" According to the examiner 
(Answer, page 13). "[t]he recitation does not make clear if the genome is that of 
I026458 or that of a different corn plant." 

According to appellant's specification (page 23, emphasis removed), a 

"Single Locus Converted (Conversion) Plant" refers to 

[p]lants which are developed by a plant breeding technique called 
backcrossing wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in 
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addition to the characteristics conferred by the single locus 
transferred into the inbred via the backcrossing technique. A single 
locus may comprise one gene, or in the case of transgenic plants, 
one or more transgenes integrated into the host genome at a single 
site (locus). 

Accordingly, we agree with appellant (Brief, page 12) "[t]he single locus 
referred to in claim 28 may or may not have been directly inserted into the 
genome of the claimed plant." As we understand the claim, and arguments of 
record, claim 28 presents two possibilities: (1) the single locus is directly inserted 
into the claimed plant and nothing further need be done; or (2) the single locus is 
directly inserted into a different plant, which is then used to transfer the single 
locus to the claimed plant through use of the plant breeding technique known as 
backcrossing. 

In our opinion, the claim reasonably apprises those of skill in the art of its 
scope. Amgen . Accordingly, we reverse the rejection of claim 28 under 35 
U.S.C. § 1 12, second paragraph. 

Claim 30 

Claim 30 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrases "yield enhancement," "improved 
nutritional quality," and "enhanced yield stability." According to the examiner the 
terms "yield enhancement," "improved nutritional quality," and "enhanced yield 
stability" are relative and have no definite meaning. Answer, page 14. The 
examiner is correct (Answer, page 14), when a word of degree is used 
appellant's specification must provide some standard for measuring that degree. 
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Seattle Box. Co. v. Industrial Crating & Packing, Inc. , 731 F.2d 818, 826, 221 
USPQ 568, 573-574 (Fed. Cir. 1984). 

On this record, appellant asserts (Brief, page 12), it is "understood the 
enhancement of yield or yield stability and improved nutritional quality is relative 
to a plant lacking the single locus. The metes and bounds of the claim are thus 
fully understood by one of skill in the art and the use of the terms is not 
indefinite." On reflection, we agree with appellant. The fact that some claim 
language is not mathematically precise does not ger se render the claim 
indefinite. Seattle Box . As set forth in Shatterproof Glass , "[i]f the claims, read in 
the light of the specifications, reasonably apprise those skilled in the art both of 
the utilization and scope of the invention, and if the language is as precise as the 
subject matter permits, the courts can demand no more." In our opinion, a 
person of ordinary skill in the art would have understood the enhancement of 
yield or yield stability and improved nutritional quality is relative to a plant lacking 
the single locus. 

Accordingly we reverse the rejection of claim 30 under 35 U.S.C. § 1 12, 
second paragraph. 

Written Description : 

Claims 6, 11, 24, 25 and 27-31 stand rejected under 35 U.S.C. § 112, first 
paragraph, as the specification fails to adequately describe the claimed 
invention. For the following reasons, we reverse. 
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Claims 24-26 12 

Claims 24-26 ultimately depend from claim 23. On this record, the 
examiner has indicated that claim 23 is allowable. Answer, page 2. The 
examiner finds (Answer, page 16), claims 24-26 are drawn to a hybrid plant or 
seed "produced by crossing inbred corn plant I026458 with any second, distinct 
inbred corn plant." 

As we understand it, based on this construction of claims 24-26, the 
examiner is of the opinion that since the hybrids inherit only 1 / 2 of their diploid 13 
set of chromosomes from the plant of corn variety 1 0264 58, a person of skill in 
the art would not have viewed the teachings of the specification as sufficient to 
demonstrate that appellant was in possession of the genus of hybrid seeds and 
plants encompassed by claims 24-26. According to the examiner (Answer, page 
22), "[t]he fact that any hybrid plant will inherit half of its alleles from I026458 
then does not provide sufficient description of the morphological and 
physiological characteristics expressed by the claimed hybrid plants." 

There is no doubt that the expressed gene products of a hybrid plant, e.g., 
the morphological and physiological traits, of I026458 and a non-1026458 corn 
plant will depend on the combination of the genetic material inherited from both 
parents. See Answer, page 23. Nevertheless, we disagree with the examiner's 

12 We recognize, as does the examiner (Answer, page 22) that appellant's reference to claims 22- 
26 (Brief, page 14) was intended to be a reference to claims 24 and 25. 

13 According to appellant's specification (page 21), diploid means "a cell or organism having two 
sets of chromosomes." 
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conclusion (id.) that "[t]he fact that any hybrid plant will inherit half of its alleles 
from I026458 then does not provide sufficient description of the morphological 
and physiological characteristics expressed by the claimed hybrid plants." 

On these facts, we find it necessary to take a step back and consider what 
is claimed. The claims are drawn to a F, hybrid seed (claim 24) or plant (claim 
25) resulting from a cross between a plant of corn variety I026458 and a non- 
1026458 corn variety. The claims do not require the hybrid to express any 
particular morphological or physiological characteristic. Nor do the claims 
require that a particular non-1026458 corn variety be used." All that is required 
by the claims is that the hybrid has one parent that is a plant of corn variety 
1026458. Since the examiner has indicated that the seed and the plant of the 
corn variety 1026458 are allowable (see claims 1 and 5), there can be no doubt 
that the specification provides an adequate written description of this corn 
variety. In addition, the examiner appears to recognize (Answer, pages 24-25) 
that appellant's specification describes an exemplary hybrid wherein one parent 
was a plant of the corn variety I026458, see agu, specification, pages 53-57. 
Accordingly, it is unclear to this merits panel what additional description is 
necessary. 

As set forth in Reiffin v. Microsoft Corp. , 214 F.3d 1342, 1345, 54 
USPQ2d 1915, 1917 (Fed. Cir. 2000), the purpose of the written description 



14 According to appellant (Brief, page 16), "hundreds or even thousands of different inbred corn 
lines were well known to those of skill in the art prior to the filing [date] of the instant application, 
each of which could be crossed to make a hybrid plant with in the scope of the claims." 
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requirement is to "ensure that the scope of the right to exclude, as set forth in the 
claims does not overreach the scope of the inventor's contribution to the field of 
art as described in the patent specification/' Here the hybrid seed or plant has 
one parent that is a plant of the corn variety I026458. To that end, to satisfy the 
written description requirement, the inventor "must convey with reasonable clarity 
to those skilled in the art that, as of the filing date sought , he or she was in 
possession of the invention" [emphasis added].- Vas-Cath Inc. v. Mahurkar . 935 
F.2d 1555, 1563-64, 19 USPQ2d 1111, 1117 (Fed. Cir. 1991). For the foregoing 
reasons it is our opinion that appellant has provided an adequate written 
description of the subject matter set forth in claims 24-26. 15 

We recognize the examiner's argument relating to SSR and isozyme 
markers (Answer, pages 28-33), as well as the examiner's arguments 
concerning a correlation between the hybrid's genome structure and the function 
of the hybrid plant (Answer, pages 24-27). However, for the foregoing reasons, 
we are not persuaded by these arguments. 

Claims 6 and 11 

Claims 6 and 1 1 depend ultimately upon claim 5. On this record, the 
examiner has indicated that claim 5 is allowable. Answer, page 2. 

According to the examiner (Answer, page 17), while the specification 
provides the locUs names and allele numbers of the SSR markers, the 
specification does not provide the actual nucleotide sequences that make up the 

15 Again, we note as set forth in n. 3. that claim 26 does not appear to further limit the scope of 
claim 25 from which it depends. 
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markers. According to the examiner (id.), "names of loci alone do not describe 
the structures of the markers themselves. Without a description of the 
sequences of the markers, one cannot confirm their presence." In response, 
appellant points out (Brief, page 13), "the SSR markers were from Celera 
AgGen, Inc., which provides a commercial service for genotyping of maize 
varieties." In other words, a person of ordinary skill in the art could use the 
commercially available service provided by Celera AgGen, Inc. to determine 
whether a corn plant produced by growing a seed of the corn variety I026458 
has an SSR profile which is the same as that shown in Table 6. Therefore, it is 
unclear to this panel why the examiner believes that such a disclosure fails to 
provide adequate written descriptive support for the claimed invention. 16 
Accordingly, we are not persuaded by the examiner's argument. 

Regarding the isozyme typing profile, the examiner finds (Answer, page 
17), "Table 7 provides names of loci where isozyme markers reside, for three 
different corn plants, and a numerical value that represents the numbers of 
alleles at isozyme loci types. The nucleotide sequences that make up these loci 
are not described." In response, appellant points out (Brief, page 13), the 
isozyme "markers are well known and isozyme analysis in general [is] very well 
known having been used for decades." In this regard, we remind the examiner 



16 We are not persuaded by the examiner's assertion (Answer, page 31) "that the [commercially 
available] service used to detect SSR markers is currently available is not a guarantee that it will 
remain so for the life of a patent issuing from the application." Cf. In re Metcalfe, 410 F.2d 1378, 
1382, 161 USPQ 789, 792-3 (CCPA 1969). 
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that the inquiry into whether the description requirement is met must be 
determined on a case-by-case basis and is a question of fact. In re Wertheim , 
541 F.2d 257, 262. 191 USPQ 90, 96 (CCPA 1976). A description as filed is 
presumed to be adequate; unless or until sufficient evidence or reasoning to the 
contrary has been presented by the examiner to rebut the presumption. See 
e.g., in re Marzocchi , 439 F.2d 220, 224, 169 USPQ 367, 370 (CCPA 1971). 
The examiner, therefore, must have a reasonable basis to challenge the 
adequacy of the written description. Accordingly, it is the examiner who has the 
initial burden of establishing by a preponderance of evidence that a person 
skilled in the art would not recognize in an applicant's disclosure a description of 
the invention defined by the claims. Wertheim , 541 F.2d at 263, 191 USPQ at 
97. On this record, the examiner provides no evidence to support the assertion 
that simply because appellant has not provided the sequences that make up the 
loci for particular isozymes, appellant's specification does not adequately 
describe the claimed invention. Accordingly, we are not persuaded by the 
examiner's argument. 

The examiner finds (Answer, page 21), claims 6 and 1 1 require that the 
claimed plant or plant cell exhibit either the claimed SSR profile or the isozyme 
profile. According to the examiner (jg\), "[t]he genome of the cells of the I026458 
seed deposited with the ATCC has both the SSR profile and the isozyme typing 
profile shown in Tables 6 and 7 for that plant. No plant is described in the 
specification that has one genetic marker profile but not the other." The 
examiner's concern appears to be misplaced. To the extent that the examiner is 
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concerned that the claim is open to read on a plant other than a corn plant 
produced by growing a seed of the corn variety 1026458, we remind the 
examiner that both claims 6 and 1 1 ultimately depend from claim 5 17 , which is 
drawn to u [a] corn plant produced by growing a seed of the corn variety 
I026458...." 

It appears that the examiner may have read claims 6 and 1 1 as drawn to 
a corn plant or plant cell having only one of the recited profiles. However, as we 
understand claims 6 and 1 1, determining whether the claimed corn plant (claim 
6) or plant cell (claim 1 1) has one of the profiles does not mean that the plant, or 
plant cell would not also exhibit the other profile. 

In addition, we direct the examiner's attention to claims 6 and 11 of 
Appeal No. 2005-0396. As we understand it, notwithstanding differences in the 
SSR and isozyme profiles, the disclosure in the specification as well as the 
language of the claims js substantially similar to that of the instant application. 
Nevertheless, the examiner in Appeal No. 2005-0396 apparently found that 
appellant's specification provided an adequate written description of the claimed 
invention as no rejection of claims 6 and 1 1 was made under the written 
description provision of 35 U.S.C. § 112, first paragraph in Appeal No. 2005- 
0396. Accordingly, we find that the examiner has treated claims 6 and 1 1 in a 
manner that is inconsistent with the prosecution of similar claims in related 
application 10/077.589, which is the subject matter of Appeal No. 2005-0396. 



,7 The examiner has indicated that claim 5 is allowable. Answer, page 2. 
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For the foregoing reasons, we are not persuaded by the examiner's 
arguments. 

Claims 27-30 

According to the examiner (Answer, page 18), "[c]laims 27-30 are drawn 
towards I026458 plants further comprising a single locus conversion, or wherein 
the single locus was stably inserted into a corn genome by transformation." The 
examiner finds, however, that "the specification does not describe identified or 
isolated single loci for all corn plant traits." Id. More specifically, the examiner 
finds (id.), claims 27-30 "broadly encompass single loci that have not been 
discovered or isolated." To the extent that the examiner is asserting that 
appellant has not provided an enabling disclosure of single loci that have not 
been identified, we note that to satisfy the written description requirement, the 
inventor "must convey with reasonable clarity to those skilled in the art that, as of 
the filing date sought , he or she was in possession of the invention" [emphasis 
added]. Vas-Cath . 

Nevertheless, it may be that the examiner's concern (Answer, page 35), is 
that "single genes that alone govern 'yield enhancement' or 'enhanced yield 
stability' have not been discovered." In this regard, the examiner asserts 
(Answer, page 36), "the references cited in the specification do not describe 
isolated single genes or loci that confer yield enhancement or yield stability." 
Therefore, the examiner concludes (ig\), "[ajppellant cannot be in possession of 
plants further comprising single loci that have yet to be identified." The 
examiner, however, provides no evidence to support the assertion that a person 
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of ordinary skill in the art would not recognize that single loci for yield 
enhancement or yield stability are known in the art. In this regard, we note that 
appellant discloses (specification, page 31), "[m]any single locus traits have been 
identified ... examples of these traits include, but are not limited to, ... enhanced, 
nutritional quality, industrial usage, yield stability, and yield enhancement." It 
appears that the examiner has overlooked appellant's assertion that single locus 
traits for yield stability and yield enhancement are well known in the art. To this 
end, we direct the examiner's attention to, for example, United States Patent No. 
5,936,145 (*145) 18 , issued August 10, 1999, which is prior to the filing date of the 
instant application. For clarity, we reproduce claims 8, 29 and 39 of the '145 
patent below: 

8. A corn plant having all the physiological and morphological 

characteristics of corn plant 87DIA4, a sample of the seed of said corn 
plant having been deposited under ATCC Accession No. 203192. 

29. The corn plant of claim 8, further comprising a single gene conversion. 

39. The single gene conversion of the corn plant of claim 29, where the 
gene confers enhanced yield stability. 

As we understand it, claim 39 of the '145 patent, is drawn to a corn plant which 

comprises a single gene conversion, wherein the gene confers enhanced yield 

stability. Thus, contrary to the examiner's assertion it appears, for example, that 

a single gene that confers enhanced yield stability was known in the art prior to 

the filing date of the instant application. We remind the examiner "a patent need 

18 We note that the assignee of the '145 patent is DeKalb Genetics Corporation. The assignee of 
the present application is Monsanto Company, the parent of wholly-owned subsidiary DeKalb 
Genetics Corporation. 
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not teach, and preferably omits, what is well known in the art!" Hybritech 
Incorporated v. Monoclonal Antibodies, Inc. 802 F.2d 1367, 1385. 231 USPQ 81, 

94 (Fed. Cir. 1986). 

We remind the examiner that the inquiry into whether the description 
requirement is met must be determined on a case-by-case basis and is a 
question of fact. In re Wertheim , 541 F.2d 257, 262, 191 USPQ 90, 96 (CCPA 
1976). A description as filed is presumed to be adequate; unless or until 
sufficient evidence or reasoning to the contrary has been presented by the 
examiner to rebut the presumption. See e^g., In re Marzocchi. 439 F.2d 220, 
224, 169 USPQ 367, 370 (CCPA 1971). The examiner, therefore, must have a 
reasonable basis to challenge the adequacy of the written description. 
Accordingly, it is the examiner who has the initial burden of establishing by a 
preponderance of evidence that a person skilled in the art would not recognize in 
an applicant's disclosure a description of the invention defined by the claims. 
Wertheim . 541 F.2d at 263, 191 USPQ at 97. On this record, the examiner 
provides no evidence to support the assertion that single loci that govern, for 
example, yield enhancement or enhanced yield stability are not described. 

For the foregoing reasons, we are not persuaded by the examiner's 
arguments. 

Claim 31 

Claim 31 is drawn to a method of producing an inbred corn plant derived 
from the corn variety I026458. The claimed method begins by crossing a plant of 
the corn variety I026458 with any other corn plant. The method requires that the 
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progeny corn plant be crossed either to itself, or with any other corn plant, and 
that the progeny of this cross be further crossed to itself, or with another corn 
plant, and so on throughout several generations. As we understand it, claim 31, 
in its simplest form, is directed to a method of using a plant of the corn variety 
I026458 to produce an inbred com plant. 

Nevertheless, the examiner finds (Answer, page 19), "[a] review of the 
claim indicates that hybrid progeny of corn plant I026458 are required to perform 
further crosses, and that progeny of subsequent generations can be further 
outcrossed with different corn plants." Therefore, the examiner concludes (id.), 
"[t]he hybrid progeny of corn plant I026458, and progeny plants of subsequent 
generations, are essential to operate the claimed method." As we understand 
the examiner's argument, not only does appellant have to provide a written 
description of the starting corn plant (I026458), but appellant also must look into 
the future to determine every other potential corn plant that someone may wish 
to cross with the I026458 corn variety, and provide written descriptive support for 
not only every other corn plant that could be crossed with I026458, but also the 
resulting progeny of each cross. 

As set forth in Reiffin , the purpose of the written description requirement is 
to "ensure that the scope of the right to exclude, as set forth in the claims does 
not overreach the scope of the inventor's contribution to the field of art as 
described in the patent specification." Here the method of producing an inbred 
corn plant requires a plant of the corn variety I026458 be used as the starting 
material. To that end, to satisfy the written description requirement, the inventor 
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"must convey with reasonable clarity to those skilled in the art that, as of the filing 
date sought , he or she was in possession of the invention" [emphasis added]. 
Vas-Cath . The examiner has indicated that a claim to a plant of the corn variety 
1026458 is allowable, see e.g. . appellant's claim 5. Therefore, in our opinion, 
there can be no doubt that appellant was in possession of a plant of the com 
variety 1026458, in addition to a method of using that plant to cross with any 

N 

other corn plant to produce an inbred corn plant as set forth in appellant's claim 
31. 

In our opinion, it matters not what the other corn plants are, or what the 
progeny of a cross between corn variety I026458 and some other corn plant 
represents. As the examiner explains (Answer, page 20), patentability of the 
method of claim 31 "does not lie in the method steps, which require the simple 
acts of crossing corn plants, allowing progeny seed to be produced, and growing 
progeny plants from the seed...." In our opinion, patentability of the method of 
claim 31 does not lie in the various other or second corn plants either. In our 
opinion, patentability of the method of claim 31 lies in the use of the corn variety 
I026458. Accordingly, for the foregoing reasons, it is our opinion that appellant 
has "convey[ed] with reasonable clarity to those skilled in the art that, as of the 
filing date sought, [they were] in possession of the invention," Vas-Cath 
(emphasis omitted). 
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Summary 

For the foregoing reasons, we reverse the rejection of claims 6,11, 24, 25 
and 27-31 under the written description provision of 35 U.S.C. § 1 12, first 
paragraph. 

Enablement : 

Claims 27-30 stand rejected under the enablement provision of 35 U.S.C. 
§ 1 12, first paragraph. The examiner finds (Answer, page 41), claims 27-30 "are 
broadly drawn towards inbred corn plant I026458 further defined as having a 
genome comprising any single locus conversion, encoding any trait; Or wherein 
the single locus was stably inserted into a corn genome by transformation." The 
examiner presents several lines of argument under this heading. We take each 
in turn. 

I Retaining all the morphological and physiological traits of I026458 : 

According to the examiner (Answer, page 41 . emphasis added), 
appellant's specification "does not teach any I026458 plants comprising a single 
locus conversion produced by backcrossing, wherein the resultant plant retains 
all of its morphological and physiological traits in addition to exhibiting the single 
trait conferred by the introduced single locus. With reference to Hunsperger, 
Kraft, and Eshed the examiner asserts (Answer, bridging sentence, pages 44- 
45), "[t]he rejection raises the issue of how linkage drag hampers the insertion of 
single genes alone into a plant by backcrossing, while recovering all of the 
original plant's genome." 
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We note, however, that claims 27-30 do not require that the single locus 
conversion plant retain all of the morphological and physiological traits of the 
parent plant in addition to exhibiting the single trait conferred by the introduction 
of the single loci. Nor do claims 27-30 require that the resultant plant retain all of 
the original plant's genome in addition to the single locus transferred into the 
inbred via the backcrossing technique. As appellant explains (specification, 
page 30, emphasis added). 

[t]he term single locus converted plant as used herein refers to 
those corn plants which are developed by a plant breeding 
technique called backcrossing wherein essentially all of the desired 
morphological and physiological characteristics of an inbred are 
recovered in addition to the single locus transferred into the inbred 
via the backcrossing technique. 

See also appellant's definition of single locus converted (conversion) plant at 
page 23 of the specification. We find nothing in the appellant's specification to 
indicate that the single locus converted plant retains a]l of the morphological and 
physiological traits, or aj] of the genome, of the parent plant in addition to the 
single locus transferred via the backcrossing technique. Accordingly, we 
disagree with the examiner's construction of claims 27-30 as "directed to exactly 
plant 1026458 further comprising the single locus," which appears to disregard 
appellant's definition of a single locus converted plant. See Answer , page 46, 
emphasis added. 

The examiner appears to appreciate (Answer, page 46) that appellant's 
specification provides an example of a converted plant. See specification, 
pages 35-36. However, for the foregoing reasons, we are not persuaded by the 
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examiner's assertion (Answer, page 46) that the specification provides "no 
indication that all of the morphological and physiological traits of [this converted] 
... corn plant were recovered, and that only one single locus was transferred 
from the donor plant." To the contrary, the examiner provides no evidence that 
the converted plant exemplified in appellant's specification did not retain 
essentially all of the desired morphological and physiological characteristics of 
the inbred in addition to the characteristics conferred by the single locus 
transferred into the inbred via the backcrossing technique. 

Further, we recognize appellant's argument (Brief, page 29) that the 
examiner failed to establish a nexus between Hunsperger's discussion of 
petunias; Kraft's discussion of sugar beets; and Eshed's discussion of tomatoes, 
and the subject matter of the instant application r corn. Absent evidence to the 
contrary, we agree with appellant (id.), "[t]he [examiner's] indication' 19 ' that the 
references concerning petunias, sugar beets and tomatoes apply to corn is 
made without any support." That the examiner has failed to identify (Answer, 
page 45) an example "in the prior art of plants in which linkage drag does not 
occur," does not mean that linkage drag is expected to occur in corn breeding, 
which according to appellant (Reply Brief, page 11) "is extremely advanced and 
well known in the art...." In this regard, we agree with appellant (Brief, page 30; 
Accord Reply Brief, page 11), the examiner has improperly placed the burden on 
appellant to demonstrate that the examiner's unsupported assertion is not true. 

19 See Answer page 45, wherein the examiner asserts "(l)inkage drag appears to be a 
phenomenon that occurs in all plant types." 
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We remind the examiner, as set forth in In re Wright , 999 F.2d 1557, 1561-62, 27 

USPQ2d 1510, 1513 (Fed. Cir. 1993): 

When rejecting a claim under the enablement requirement of 
section 112, the PTO bears an initial burden of setting forth a 
reasonable explanation as to why it believes that the scope of 
protection provided by that claim is not adequately enabled by the 
description of the invention provided in the specification of the 
application; this includes, of course, providing sufficient reasons for 
doubting any assertions in the specification as to the scope of 
enablement. 

II. What plant is transformed in claim 28 ? 

We recognize the examiner's assertion (Answer, page 43) that while claim 
28 requires that a single locus be stably inserted into a corn genome by 
transformation, the claim does not indicate whether (1) the I026458 plant was 
transformed with the single locus, or (2) some other corn plant was transformed 
with the single locus and then introduced into I026458 by crossing. However, as 
appellant points out (Brief, page 11), claim 28 "specifies that the single locus was 
stably inserted into a corn genome. Loci that are stably inserted into a corn 
genome are also stably inherited. Thus the single locus need not have been 
inserted into the genome of corn variety I026458." Accordingly, the I026458 
plant may be transformed with the single locus, or another plant may be 
transformed with the single locus and then introduced into I026458 by crossing. 

It may be that the examiner is concerned that by transforming a non- 
1026458 plant with a single locus and then introducing this locus into 1026458 by 
crossing would result in a plant that does not retain all of the morphological and 
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physiological traits, or all of the genome, of the 1026458 plant. For the foregoing 
reasons, however, this line of reasoning is not persuasive. 
III. The single locus to be introduced : 

The examiner finds (Answer, page 43), "the claims do not place any limit 
on the single locus to be introduced" into 1026458 plants. The examiner 
recognizes, however, that "[t]he prior art shows that hundreds of nucleotide 
sequences encoding products that confer various types of plant traits have been 
isolated at the time the instant invention was filed." |d. In addition, the examiner 
recognizes (idj, u [o]ne skilled in the art can transform any of these isolated 
nucleotide sequences known in the prior art into a corn plant cell, and regenerate 
a transgenic plant from the transformed cell." 

Nevertheless, the examiner finds (Answer, bridging sentence, pages 43- 
44), "[u]ndue experimentation would be required by one skilled in the art to 
isolate single loci that govern the traits encompassed by the claims." In this 
regard, the examiner asserts (Answer, page 45) that the claims broadly 
encompass corn plants comprising any type of single loci, including those that 
have not yet been identified or isolated. To the extent that the examiner is 
asserting that appellant has not provided an enabling disclosure of single loci 
that have not been identified, we note that enablement under 35 U.S.C. § 1 12, 
first paragraph is evaluated as of appellant's filing date. As set forth in Chiron 
Corp. v. Genentech Inc. , 363 F.3d 1247, 1254, 70 USPQ2d 1321, 1325-26 (Fed. 
Cir. 2004), "a patent document cannot enable technology that arises after the 
date of application. The law does not expect an applicant to disclose knowledge 
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invented or developed after the filing date. Such disclosure would be impossible. 
See In re Hoqan , 559 F.2d 595, 605-06 [1 94 USPQ 527] (CCPA 1 977)." 

The examiner's comment, however, may be directed to his assertion 
(Answer, page 43) that "isolated loci whose products confer yield enhancement 
or enhanced yield stability (recited in claim 30), are not known in the prior art." 
However, as discussed, supra , it appears that contrary to the examiner's 
assertion a single locus that confers the trait of, for example, yield enhancement 
was known in the art prior to the filing date of the instant invention. In addition, 
as discussed, supra , appellant's specification asserts that such traits were known 
in the art. See specification, page 31 . Accordingly, as set forth in In re 
Marzocchi , 439 F.2d 220, 224, 169 USPQ 367, 370 (CCPA 1971), the burden is 
on 

the Patent Office, whenever a rejection on this basis is made, to 
explain why it doubts the truth or accuracy of any statement in a 
supporting disclosure and to back up assertions of its own with 
acceptable evidence or reasoning which is inconsistent with the 
contested statement. Otherwise, there would be no need for the 
applicant to go to the trouble and expense of supporting his 
presumptively accurate disclosure. 

On this record, we find only the examiner's unsupported conclusions as to 
why the specification does not enable the claimed invention. We remind the 
examiner that nothing more than objective enablement is required, and therefore 
it is irrelevant whether this teaching is provided through broad terminology or 
illustrative examples. Marzocchi , 439 F.2d at 223, 169 USPQ at 369. In the 
absence of an evidentiary basis to support the rejection, the examiner has not 
sustained his initial burden of establishing a prima facie case of non-enablement. 



Appeal No. 2004-2343 Page 34 

Application No. 09/772,520 

In this regard, we note that the burden of proof does not shift to appellant until 
the examiner first meets his burden. Marzocchi , 439 F.2d at 223-224, 169 
USPQ at 369-370. 

We also recognize the examiner's assertion (Answer, page 44) that claims 
27-29 "encompass plants with single loci whose functions are unknown ... [or 
where] the effects of expression of the single locus on the traits expressed by 
I026458 are unknown." While this may be true, the examiner has not provided 
any evidence to suggest that it would require undue experimentation to obtain a 
single locus converted plant wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in addition to the 
characteristics conferred by the single locus transferred into the inbred via the 
backcrossing technique. See specification, page 23. 

While it is not expressly stated in the text of the examiner's rejection, it 
may be that the examiner is concerned that the claims include inoperative 
embodiments. If so, the examiner is directed to Atlas Powder Co. v. E.I. DuPont 
De Nemours & Co. , 750 F.2d 1569, 1576-77, 224 USPQ 409, 414 (Fed. Cir. 
1984): 

Even if some of the claimed combinations were inoperative, the 
claims are not necessarily invalid. w lt is not a function of the claims 
to specifically exclude ... possible inoperative substances...." In re 
Dinh-Nquyen , 492 F.2d 856, 859-59, 181 USPQ 46, 48 (CCPA 
1 974 )(emphasis omitted). Accord , In re Geerdes , 491 F.2d 1260, 
1265, 180 USPQ 789, 793 (CCPA 1974); In re Anderson , 471 F.2d 
1237, 1242, 176 USPQ 331, 334-35 (CCPA 1971). Of course, if 
the number of inoperative combinations becomes significant, and in 
effect forces one of ordinary skill in the art to experiment unduly in 
order to practice the claimed invention, the claims might indeed be 
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invalid. See e.g. . In re Cook . 439 F.2d 730, 735, 169 USPQ 298, 
302 (CCPA 1971). 

On this record, the examiner provides no evidence that the number of 
inoperative embodiments is so large that a person of ordinary skill in the art 
would have to experiment unduly to practice the claimed invention. To the 
contrary, the examiner recognizes (Answer, page 43) that "(t]he prior art shows 
that hundreds of nucleotide sequences encoding products that confer various 
types of plant traits have been isolated at the time the instant invention was 
filed"; and that "[o]ne skilled in the art can transform any of these isolated 
nucleotide sequences known in the prior art into a corn plant cell, and regenerate 
a transgenic plant from the transformed cell." Accordingly, we are not persuaded 
by the examiner's unsupported assertions. 

For the foregoing reasons, we reverse the rejection of claims 27-30 under 
the enablement provision of 35 U.S.C. § 1 12, first paragraph. 
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SUMMARY 



We reverse the rejection of claims 3, 6, 1 1 , 14-20, and 27-30 under 35 
U.S.C. § 1 12, second paragraph. 

We reverse the rejection of claims 6, 1 1, 24, 25 and 27-31 under the 
written description provision of 35 U.S.C. § 112, first paragraph. 

We reverse the rejection of claims 27-30 under the enablement provision 
of 35 U.S.C. § 112, first paragraph. 

For the reasons set forth in n. 5 infra , we have not considered the merits 
of the rejection of claim 26 under the written description provision of 35 U.S.C. 
§ 1 12, first paragraph. 



REVERSED 
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Administrative Patent Judge 
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ABSTRACT 



According to the invention, there is provided an inbred corn 
plant designated 87DIA4. This invention thus relates to the 
plants, seeds and tissue cultures of the inbred corn plant 
87D1A4, and to methods for producing a com plant pro- 
duced by crossing the inbred plant 87DIA4 with itself or 
with another corn plant, such as another inbred. This inven- 
tion further relates to com seeds and plants produced by 
crossing the inbred plant 87DLA4 with another corn plant, 
such as another inbred, and to crosses with related species. 
This invention further relates to the inbred and hybrid 
genetic complements of the inbred corn plant 87D1A4, and 
also to the RFLP and genetic isozyme typing profiles of 
inbred corn plant 87D1A4. 

39 Claims, No Drawings 
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INBRED CORN PLANT 87DIA4 AND SEEDS breeding population. Superior plants thai are the products of 

THEREOF these crosses are selfed and selected in successive genera- 
tions. Each succeeding generation becomes more homoge- 

The present application claims the priority of co-pending ne . ous 45 1 resu " of self-pollination and selection. Typically, 

US Provisional Patent Application Serial No. 60/037.305. 5 this method or breeding involves five or more generations o! 

filed Feb. 5, 1997. .be entire disclosure of which is incor- * e fiog and selec.on: S.-S.; S^S,; S 3 -*S A ; S.-S elc 

porated herein by reference without dLsclaimer. ^eticaHy P"^ "* ' nbrCd P 1 ""' * 

BACKGROUND OF THE INVENTION Backcrossing can also be used lo improve an inbred plani. 

j0 Backcrossing transfers a specific desirable trait from one 

I. Technical Field of the Invention inbred or other source lo an inbred that lacks that trait. This 
The present invention relates to the field of corn breeding. «n *> c accomplished for example by first crossing a superior 

In particular, the invention relates to the inbred corn seed '"bred ( A ) (recurrent parent) to a donor inbred tnon- 

and plant designated 87DIA4, and derivatives and tissue recurrent parent), which carries the appropriate gcne(s) for 

cultures of such inbred plant. 35 * bc ' ra ? in '^twn.The progeny of this cross are then mated 

r JJ back to the superior recurrent parent (A) followed bv 

II. Description of the Background Art selection in the resultant progeny for the desired trait to be 
The goal of field crop breeding is to combine various transferred from the no n -recurrent parent- After five or more 

desirable traits in a single varietymybrid. Such desirable backcross generations with selection for the desired trait, the 

traits include greater yield, better stalks, better roots, resis- progeny are heterozygous for loci controlling the charactci- 

tance to insecticides, herbicides, pests, and disease, toler- 20 istic being transferred, but are like the superior parent for 

ance to heal and drought, reduced time to crop maturity, most or almost all other genes. The last backcross generation 

better agronomic quality, and uniformity in germination w °uld be selfed to give pure breeding progeny for the 

times, stand establishment, growth rate, maturity, and fruit g^ne(s) being transferred. 

S|ZC A single cross hybrid corn variety is the cross of two 

„ , . » » f . m „*u^A 25 inbred plants, each of which has a genotype which comple- 

Breedmg techniques take advantage of a plant s method V q{ % ^ ^ ^ ^ q P 

of pollination. There are two general methods of pollination. ^ * |ion £ dcsi led p p^f^ f l yb U 6s arc 

a plant self-pollinates if pollen from one flower is transferred mQrc ^ ^ inbrcd 3 parcms ^ J nybrid VIg0r< 

to the same or another flower of the same plant. A plant Qr hclcrosis ^ manifested in many polygenic traits, includ- 

cross-poHinaies if pollen comes to it from a flower on a ^ ing marl(cd iy improved higher yields, better stalks, better 

diflerent plant. roots, belter uniformity and better insect and disease resis- 

Corn plants (Zea mays L.) can be bred by both self- lance. In the development of hybrids only the Fj hybrid 

pollination and cross-pollination. Both types of pollination plants are sought. An F, single cross hybrid is produced 

involve the com plant's flowers. Corn has separate male and when Iwo inbred plants are crossed. A double cross hybrid 

female flowers on the same plant, located on the tassel and is produced from four inbred plants crossed in pairs (AxB 

the ear, respectively. Natural pollination occurs in corn when and CxD) and then the two F, hybrids arc crossed again 

wind blows pollen from the tassels to the silks that protrude (AxB)x(CxD). 

from the lops of the ear shoot. The development of a hybrid corn variely involves three 

Plants that have been self-pollinated and selected for type sle If **«ion of plants from various germplasm 

. r . , . pools; (2) the selfing of the selected plants for several 

over many generations become homozygous at almost all 40 v ^ {Q ^ a ^ of ^ , ^ 

gene loci and produce a uniform population of true breeding * h {rQm ^ ^ ^ b ^ ^ and arc 
progeny, a homozygous plant. A cross between Iwo such highJy ^form; and (3) crossing the selected inbred plants 
homozygous plants produce a uniform population of hybrid wi(h unreJalcd inbrcd plan!s to prodllC e ib e hybrid progenv 
plants that are heterozygous for many gene loci. Conversely, ^ y During the inbreeding process in com, the vigor of the 
a cross of iwo plants each heterozygous al a number of gene 45 p i an ts decreases. Vigor is restored when two unrelated 
loci produces a population of hybrid plants that differ inbred plants are crossed to produce the hybrid progeny (F,). 
genetically and are not uniform. The resulting non- An important consequence of the homozygosity and homo- 
uniformity makes performance unpredictable. geneity of the inbred plants is that the hybrid between any 

The development of uniform com plant hybrids requires two inbreds is always the same. Once the inbreds thai give 
the development of homozygous inbred plants, the crossing 50 a superior hybrid have been identified, hybrid seed can be 
of these inbred plants, and the evaluation of the crosses. reproduced indefinitely as long as the homogeneity of ihe 
Pedigree breeding and recurrent selection are examples of inbred parents is maintained. Conversely, much of the 
breeding methods used to develop inbrcd plants from breed- hybrid vigor exhibited by Fj hybrids is lost in the nexi 
ing populations. Those breeding methods combine the generation (F 2 ). Consequently, seed from hybrid varieties is 
genetic backgrounds from two or more inbred plants or 55 not used for planting stock. It is not generally beneficial for 
various other broad-based sources into breeding pools from farmers to save seed of F a hybrids. Rather, farmers purchase 
which new inbred plants are developed by selfing and F 3 hybrid seed for planting every year, 
selection of desired phenotypes. The new inbreds are North American farmers plant over 70 million acres of 
crossed with other inbred plants and the hybrids from these corn at the present time and there are extensive national and 
crosses are evaluated to determine which of those have eo international commercial corn breeding programs. A con- 
commercial potential. tinuing goal of these com breeding programs is to develop 

The pedigree breeding method for single-gene traits high-yielding com hybrids that are based on stable inbred 

involves crossing two genotypes. Each genotype can have plants that maximize the amount of grain produced and 

one or more desirable characteristics lacking in the other; or, minimize susceptibility to environmental stresses. To 

each genotype can complement the other. If the two original 65 accomplish this goal, the corn breeder must select and 

parental genotypes do not provide all of the desired develop superior inbred parental plants for producing 

characteristics, other genotypes can be included in the hybrids. 
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SUMMARY OF THE INVENTION 

In one aspect, ihe presenl invention provides a corn plant 
designated 87D1A4. Also provided are corn plants having all 
the physiological and morphological characteristics of corn 
plant 87D1A4. 

The inbred corn plant of the invention may further 
comprise, or have, a cytoplasmic factor that is capable of 
conferring male sterility. Parts of Ihe com plant of the 
presenl invention are also provided, such as, e.g., pollen 
obtained from an inbred plant and an ovule of ihe inbred 
plant. 

The invention also concerns seed of the com plant 
87DIA4, which has been deposited with the ATCC The 
invention thus provides inbred corn seed designated 
87D1A4, and having ATCC Accession No. 203192. 

The inbred corn seed of the invention may be provided as 
an essentially homogeneous population of inbred corn seed 
designated 87DIA4. 

Essentially homogeneous populations of inbred seed arc 
those that consist essentially of the particular inbred seed, 
and arc generally purified free from substantial numbers of 
other seed, so that the inbred seed forms between about 90% 
and about 300% of the total seed, and preferably, between 
about 95% and about 100% of the total seed. Most 
preferably, an essentially homogeneous population of inbred 
corn seed will contain between about 98.5%, 99%, 99.5% 
and about 300% of inbred seed, as measured by seed grow 
outs. 

In any event, even if a population of inbred com seed was 
found, for some reason, to contain about 50%, or even about 
20% or 15% of inbred seed, this would still be distinguished 
from Ihe small fraction of inbred seed that may be found 
within a population of hybrid seed, e.g., within a bag of 
hybrid seed. In such a bag of hybrid seed offered for sale, the 
Governmental regulations require that the hybrid seed be at 
leasl about 95% of the total seed. In the practice of Ihe 
present invention, the hybrid seed generally forms at least 
about 97% of the total seed. In the most preferred practice 
of the invention, the female inbred seed that may be found 
within a bag of hybrid seed will be about 1% of the total 
seed, or less, and the male inbred seed that may be found 
within a bag of hybrid seed will be negligible, i.e., will be 
on the order of about a maximum of 3 per 100,000, and 
usually less than this value. 

The population of inbred com seed of the invention is 
further particularly defined as being essentially free from 
hybrid seed. The inbred seed population may be separately 
grown to provide an essentially homogeneous population of 
inbred corn plant designated 87DIA4. 

In another aspect, the present invention provides for 
single gene converted plants of 87D1A4. The single trans- 
ferred gene may preferably be a dominant or recessive allele. 
Preferably, the single transferred gene will confer such traits 
as male sterility, herbicide resistance, insect resistance, 
resistance for bacterial, fungal, or viral disease, male 
fertility, enhanced nutritional quality, and industrial usage. 
The single gene may be a naturally occurring maize gene or 
a transgene introduced through genetic engineering tech- 
niques. 

In another aspect, the present invention provides a tissue 
culture of regenerate cells of inbred corn plant 87D1A4. 
The tissue culture will preferably be capable of regenerating 
plants having the physiological and morphological charac- 
teristics of the foregoing inbred com plant, and of regener- 
ating plants having substantially the same genotype as the 
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foregoing inbred corn plant. Preferably, the rcgenerable cells 
in such tissue cultures will be embryos, protoplasts, mer- 
istematic cells, callus, pollen, leaves, anthers, roots, root 
tips, silk, flowers, kernels, ears, cobs, husks or stalks. Still 

5 further, the present invention provides corn plants regener- 
ated from the tissue cultures of the invention. 

In yet another aspect, the present invention provides 
processes for preparing corn seed or plants, which processes 
generally comprise crossing a first parent corn plant with a 

10 second parent corn plant, wherein at least one of the first or 
second parent corn plants is the inbred com plant designated 
87D1A4. These processes may be further exemplified as 
processes for preparing hybrid corn seed or plants, wherein 
a firs! inbred corn plant is crossed with a second, distinct 

3* inbred corn plan! lo provide a hybrid that has, as one of its 
parents, the inbred corn plant 87D1A4. 

In a preferred embodiment, crossing comprises planting, 
in pollinating proximity, seeds of the first and second parent 
corn plant, and preferably, seeds of a first inbred corn plant 

20 and a second, distinct inbred corn plant; cultivating or 
growing Ihe seeds of said first and second parent corn plants 
into plants that bear flowers; emasculating the male flowers 
of the first or second parent corn plant, i.e., treating the 
flowers so as to prevent pollen production, in order to 

25 produce an emasculated parent com plant; allowing natural 
cross-poll in a I ion to occur between the first and second 
parent corn plants; and harvesting the seeds from the emas- 
culated parent corn plant. Where desired, the harvested seed 
is grown lo produce a corn plant or hybrid corn plant. 

The presenl invention also provides corn seed and plants 
produced by a process lhal comprises crossing a first parent 
corn plant with a second parent corn plant, wherein at leasl 
one of ihe first or second parent com plants is the inbred corn 
plant designated 87D1A4. In one embodiment, corn plants 
produced by the process are first generation (Fj) hybrid corn 
plants produced by crossing an inbred in accordance with 
the invention with another, distinct inbred. The presenl 
invention further contemplates seed of an Fj hybrid com 
plant. 

In certain exemplary embodiments, the invention pro- 
vides an Fj hybrid corn plant and seed thereof, which hybrid 
corn plant is designated 4033843, having 871DIA4 as one 
inbred parent. 

45 In yet a further aspect, the invention provides an inbred 
genetic complement of the corn plant designated 87DIA4. 
The phrase "genetic complement" is used to refer to the 
aggregate of nucleotide sequences, the expression of which 
sequences defines the phenotype of, in the present case, a 

50 corn plant, or a cell or tissue of that plant. An inbred genetic 
complement thus represents the genetic make up of an 
inbred cell, tissue or plant, and a hybrid genetic complement 
represents the genetic make up of a hybrid cell, tissue or 
plant. The invention thus provides corn plant cells that have 

55 a genetic complement in accordance with the inbred com 
plant cells disclosed herein, and plants, seeds and diploid 
plants containing such cells. 

Plant genetic complements may be assessed by genetic 
marker profiles, and by the expression of phenoiypic trails 

60 that are characteristic of the expression of the genetic 
complement, e.g., isozyme typing profiles. Thus, such corn 
plant cells may be defined as having an RFLP genetic 
marker profile in accordance with the profile shown in Table 
8, or a genetic isozyme typing profile in accordance with the 

65 profile shown in Tabic 9, or having both an RFLP genetic 
marker profile and a genetic isozyme typing profile in 
accordance with the profiles shown in Tables 8 and 9. 
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In another aspect, the present invention provides hybrid 
genetic complements, as represented by com plant cells, 
tissues, plants and seeds, formed by the combination of a 
haploid genetic complement of an inbred com plant of the 
invention with a haploid genetic complement of a second 5 
corn plant, preferably, another, distinct inbred com plant. In 
another aspect, the present invention provides a com plant 
regenerated from a tissue culture that comprises a hybrid 
genetic complement of this invention. 

10 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
I. DEFINITIONS 

Barren Plants: Plants that are barren, i.e., lack an ear witb 

grain, or have an ear with only a few scattered kernels. 15 
Cg: Colleioirichum graminicola rating. Rating limes 10 is 

approximately equal to percent total plant infection. 
CLN: Corn Lethal Necrosis (combination of Mai2e 

(Chlorolic Mottle Vims and Maize Dwarf Mosaic 

vims) rating: numerical ratings are based on a severity 20 

scale where l=mosi resistant to 9=susceptible. 
Cn: Corynebaaerium nehraskense rating. Rating limes 1 0 

is approximately equal to percent lotal plant infection. 
Cz: Cercospora zeae-maydis rating. Rating limes 10 is ^ 

approximately equal to percent lotal plant infection. 
Dgg: Diatraea grandiosella girdling rating (values are 

percent plants girdled and stalk lodged). 
Dropped Ears: Ears that have fallen from ihe planl to the 

ground. 

Dsp: Diabrotica species root ratings (1 -least affected to 

9«=severe pruning) 
Ear-Attitude: The attitude or position of the ear at harvest 

scored as upright, horizontal, or pendant. 
Ear-Cob Color: The color of the cob, scored as white, 

pink, red, or brown. 
Ear-Cob Diameter: The average diameter of the cob 

measured at the midpoint. 
Ear-Cob Strength: A measure of mechanical strength of 

the cobs lo breakage, scored as strong or weak. 
Ear-Diameier: The average diameter of the ear at its 

midpoint. 

Ear-Dry Husk Color: The color of the husks at harvest 

scored as buff, red, or purple. 
Ear-Fresh Husk The color of Ihe husks 1 to 2 weeks af ler 

pollination scored as Color: green, red, or purple. 
Ear-Husk Bract: The length of an average husk leaf scored 

as short, medium, or long. 
Ear-Husk Cover: The average distance from the tip of the 

ear to the lip of ihe husks. Minimum value no less lhan 

zero. 

Ear-Husk Opening: An evaluation of husk lightness at 
harvest scored as tight, intermediate, or open. 

Ear-Length: The average length of the ear. 

Ear-Number Per The average number of ears per plant. 
Stalk: 

Ear-Shank The average number of internodes on the ear 

shank. Internodes: 
Ear-Shank Length: The average length of the ear shank. 
Ear-Shelling Percent: The average of the shelled grain 

weight divided by the sum of the shelled grain weight 

and cob weight for a single ear. 
Ear-Silk Color: The color of the silk observed 2 lo 3 days 

after silk emergence scored as green-yellow, yellow, 

pink, red, or purple. 
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Ear-Taper (Shape): The taper or shape of the ear scored as 

conical, semi-conical, or cylindrical. 
Ear-Weight: The average weight of an ear. 
Early Stand: The percent of plants that emerge from the 

ground as determined in ihe early spring. 
ER: Ear* rot rating (values approximate percent ear rotted). 
Final Stand Count: The number of plants just prior to 

harvest. 

GDUs to Shed: The number of growing degree units 
(GDUs) or heal units required for an inbred line or 
hybrid to have approximately 50 percent of the plants 
shedding pollen as measured from lime of planting. 
Growing degree units are calculated by ihe.Barger 
Method, where the heal units for a 24-hour period are 
calculated as GDUs-[Maximura daily temperature* 
Minimum daily temper a iure)/2)-50. The highest maxi- 
mum daily temperature used is 86 degrees Fahrenheit 
and the lowest minimum temperalure used is 50 
degrees Fahrenheit. GDUs to shed is then determined 
by summing the individual daily values from planting 
dale to the dale of 50 percent pollen shed. 

GDUs to Silk: The number of growing degree units for an 
inbred line or hybrid to have approximately 50 percent 
of the plants with silk emergence as measured from 
lime of planting. Growing degree units are calculated 
by the same methodology as indicated in the GDUs lo 
shed definition. 

Hc2: Helnrinthosporium carbonum race 2 rating. Rating 
times 10 is approximately equal lo perceni lotal plant 
infection. 

Hc3: Helminihosporium carbonum race 3 raiing. Ratine 
limes 10 is approximately equal lo percent total plant 
infection. 

Hm: Helminihosporium maydis race 0 raiing. Rating 
limes 10 is approximately equal to percent total plant 
infection. 

Hll: Hebninthosporium turcicum race 1 rating. Rating 
times 10 is approximately equal to percent total planl 
infection. 

Hl2: Helminihosporium turcicum race 2 rating. Raiing 
times 10 is approximately equal lo percent tola] plant 
infection. 

HtG: +=Presence of Hi chloroiic-lesion lype resistance. 
Rating limes 10 is approximately equal to perceni lotal 
planl infection. —Absence of a Hi chlorolic- lesion 
type resistance. Rating limes 10 is approximately equal 
to percent lolal plant infection. + /—Segregation of a Hi 
chloroiic-lesion type resistance. Rating times 10 is 
approximately equal lo perceni lotal planl infection. 

Kernel-AJeurone The color of the aleurone scored as 
while, pink, tan, brown, Color: bronze, red, purple, pale 
purple, colorless, or variegated. 

Kernel-Cap Color: The color of the kernel cap observed 
at dry stage, scored as white, lemon-yellow, yellow or 
orange. 

Kernel-Endosperm The color of the endosperm scored as 

white, pale yellow, or Color: yellow. 
Kernel-Endosperm The lype of endosperm scored as 

normal, waxy, or opaque. Type: 
Kernel- Grade: The perceni of kernels lhat are classified as 

rounds. 

Kernel-Length: The average distance from the cap of the 

kernel lo the pedicel. . 
Kernel-Number Per The average number of kernels in a 

single row. Row: 
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Kernel -Pericarp The color of the pericarp scored as 

colorless, red-while crown, lan, Color: bronze, brown, 

lighl red, cherry red, or variegated. 
Kernel-Row The direciion of the kernel rows on the ear 

scored as straight, Direction: sbghtly curved, spiral, or 5 

indistinct (scattered). 
Kernel-Row Number: The average number of rows of 

kernels on a single ear. 
Kernel-Side Color: The color of the kernel side observed 

at the dry stage, scored as white, pale yellow, yellow, 30 

orange, red, or brown. 
Kernel-Thickness: The disiance across the narrow side of 

the kernel. 

Kernel-Type: The type of kernel scored as dent, flint, or ]5 
intermediate. 

Kernel- Weight: The average weight of a predetermined 
number of kernels. 

Kernel- Width: The distance across the flat side of the 
kernel. 20 

Kz: Kabaiiella xeae rating. Rating limes JO is approxi- 
mately equal to percent total plant infection. 

Leaf- Angle: Angle of the upper leaves to the stalk scored 
as upright (0 to 30 degrees), intermediate (30 to 60 
degrees), or lax (60 to 90 degrees). 25 

Leaf-Color: The color of the leaves 1 to 2 weeks after 
pollination scored as light green, medium green, dark 
green, or very dark green. 

Leaf-Length: The average length of the primary ear leaf. 3Q 

Leaf-Longitudinal A rating of the number of longitudinal 
creases on the leaf surface 1 Creases: to 2 weeks after 
pollination. Creases are scored as absent, lew, or many. 

Leaf-Marginal A rating of the waviness of the leaf margin 
1 to 2 weeks after Waves: pollination. Rated as none, 35 
few, or many. 

Leaf-Number: The average number of leaves of a mature 
plant. Counting begins wiih the cotyledonary leaf and 
ends with the flag leaf. 

Leaf-Sheath A rating of the level of anthocyanin in the 40 
leaf sheath 1 to 2 weeks Anlhocyanin: after pollination, 
scored as absent, basal-weak, basal-strong, weak or 
strong. 

Leaf-Sheath A rating of the pubescence of the leaf sheath. 

Ratings are taken 1 Pubescence: to 2 weeks after 45 

pollination and scored as light, medium, or heavy. 
Leaf-Width: The average width of the primary ear leaf 

measured at its widest point. 
LSS: Late season stand ability (values times 10 approxi- 5Q 

mate percent plants lodged in disease evaluation plots). 
Moisture: The moisture of the grain at harvest. 
Onl: Ostrinia nubilalis 1st brood rating (l^resislanl to 

9~susceptible). 

On2: Ostrinia nubilalis 2nd brood rating (1 ^resistant to 55 

9-susceptible). 
Relative Maturity: A maturity rating based on regression 
analysis. The regression analysis is developed by uti- 
lizing check hybrids and their previously established 
day rating versus actual harvest moistures. Harvest 60 
moisture on the hybrid in question is determined and 
that moisture value is inserted into the regression 
equation to yield a relative maturity- 
Root Lodging: Root lodging is the percentage of plants 
that root lodge. A plant is counted as root lodged if a 65 
portion of the plant leans from the vertical axis by 
approximately 30 degrees or more. 
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Seedling Color: Color of leaves at the 6 to 8 leaf stage. 

Seedling Height: Plant height at the 6 to 8 leaf stage. 

Seedling Vigor: A visual rating of the amount of vegeta- 
tive growth on a 1 to 9 scale, where 1 equals best. The 
score is taken when the average entry in a trial is at the 
fifth leaf stage. 

Selection Index: The selection index gives a single mea- 
sure of hybrid's worth based on information from 
multiple trails. One of the traits that is almost always 
included is yield. Traits may be weighted according to 
the level of importance assigned to them. 

Sr: Sphacelotheca reiliana rating is actual percent infec- 
tion. 

Stalk-Anihocyanin: A raiing of the amount of anthocyanin 
pigmcniaiion in the stalk. The stalk is rated 1 to 2 weeks 
after pollination as absent, basal-weak, basal -strong, 
weak, or strong . 

Stalk-Brace Root The color of the brace roots observed 1 
to 2 weeks after pollination Color: as green, red, or 
purple. 

Stalk-Diameter: The- average diameter of the lowest vis- 
ible internode of the stalk. 

Stalk-Ear Height: The average height of the ear measured 
from the ground to the point of attachment of the car 
shank of the top developed ear to the stalk. 

Stalk-lniernode The direction of the stalk internode 
observed after pollination as Direction: straight or 
zigzag. 

Stalk-ImernodcThe average length of the internode above 
the primary ear. Length: 

Stalk Lodging: The percentage of plants that did stalk 
lodge. Plants are counted as stalk lodged if the plant is 
broken over or off below the ear. 

Stalk-Nodes With The average number of nodes having 
brace roots per plant. Brace Roots: 

Stalk-Plant Height: The average height of the plant as 
measured from ihe soil to the tip of the tassel. 

Stalk-Tillers: The percent of plants that have tillers. A 
tiller is defined as a secondary shoot that has developed 
as a tassel capable of shedding pollen. 

Staygrecn: Staygreen is a measure of general plant health 
near the time of black layer formation (physiological 
maturity). It is usually recorded at the time the ear 
husks of most entries within a trial bave turned a mature 
color. Scoring is on a 1 lo 9 basis where 1 equals best. 

STR: Stalk rot raiing (values represent severity rating of 
1«=25 percent of inoculated internode rotted to 9«cntirc 
stalk rotted and collapsed). 

SVC: Southeastern Virus Complex combination of Maize 
Chlorolic Dwarf Virus and Maize Dwarf Mosaic Virus) 
rating; numerical ratings are based on a severity scale 
where l=most resistant to 9-susceptible (1988 reac- 
tions are largely Maize Dwarf Mosaic Virus reactions). 

Tassel-Anther Color: The color of the anthers at .SO 
percent pollen shed scored as green-yellow, yellow, 
pink, red, or purple. 

Tassel- Attitude: The altitude of the tassel after pollination 
scored as open or compact. 

Tassel-Branch Angle: The angle of an average tassel 
branch lo the main siem of the tassel scored as upright 
(less than 30 degrees), intermediate (30 to 45 degrees), 
or lax (greater than 45 degrees). 

Tassel-Branch The average number of primary tassel 
branches. Number: 
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Tassel-Glume Band: The closed anlhocyanin band al the primary struciure and/or elcctrophorc tic mobility. The dif- 

base of the glume scored as present or absent. Icrences beiween isozymes are under single gene, codomi- 

Tassel-Glume Color: The color of the glumes at 50 nam control. Consequently, electrophoretic separation to 

percent shed scored as green, red, or purple. produce band patterns can be equated to different alleles at 

Tasscl-Lengtb: The length of the tassel measured from the 5 Ihe, DNA level. Structural differences that do not alter 

base of the bottom tassel branch to the tassel lip. charge cannot be detected by this method. 

Tassel-Peduncle The average length of the tassel Isozyme typing profile refers to a profile of band patterns 

peduncle, measured from the base Length: of the flap of isozymes separated by electrophoresis that can be equated 

leaf to the base of the bottom tassel branch. to different alleles at the DNA level. 

Tassel-Pollen Shed: A visual rating of pollen shed deter- Linkage refers to a phenomenon wherein alleles on the 

mined by lapping the tassel and observing the pollen same chromosome tend to segregate together more often 

flow of approximately five plants per entry. Rated on a than expected by chance if their transmission was indepen- 

1 lo 9 scale where 9-sterile, 1-most pollen. ^ent. 

Tassel-Spike Length: The length of the spike measured 35 Marker is a readily detectable phenotype. preferably 

from the base of the top tassel branch to the tassel lip. inherited in codominant fashion (both alleles at a locus in a 

Test Weight: The measure of the weight of the grain in diploid heterozygote are readily detectable), with no envi- 

pounds for a given volume (bushel) adjusted lo 15.5 ronmcnla ] variance component^ i.e., heritability of 1. 

percent moisture. 87D1A4 refers lo ihe corn planl from which seeds having 

Yield: Yield of grain at harvest adjusted to 15.5 percents 20 ATCC Accession No 203192 wcrc oblaincdt as wc „ K 

I] OTOER DEHNmONS plamS erOWn fr ° m ^ 

r!. V • Ut " llur,J> . . , c nf a 0<MV Phenotype refers to the delectable characteristics of a cell 

Allele is any of one or more alternative lorms ol a gene, *r 

„,...„. ... . _ . i„ * or organism, which characteristics are the manifestation of 

all of which alleles relate to one irail or characteristic. In a * 

diploid cell or organism, the two alleles of a given genets gene expression ........ 

K j. * . f . , An/Hie ,. hm Ouanlitative Trait Loci (QTL) refer to genetic loci that 

occupy corresponding loci on a pair of homologous enro- w - • , 

rJ r conirol to some decree numerically rcpresentable uaiis that 

mosomes. . e , . « * 

Backcrossmg is a process in which a breeder repeatedly are usually continuously d.slrft»uled. 

crosses hybrid progeny back «o one of .be parents, for M . R*g«"-»n «««« '° development ot a plan. Irom 

example, a firs, generation hybrid (F.) witb one of Ihe ,,ss ri u i < ^" u,e - . , ,, . . ., .. ' 

parental genotypes of the Fl hvbrid. RFLP ™ tk « P' ofi le " fers lo a P rofile of 

Chromatography is a technique wherein a mixture of P««"» of DNA fragment lengths typ.cally separated by 

_ . T . ■ _ ... r^UnvA agarose eel electrophoresis, after restnction endonuclease 

dissolved substances are bound to a solid support followed * ■ r nM 

by passing a column of fluid across the solid support and 35 digestion of DNA. , , „ , . 

3 1 . , b . . r . fl . , t>, ^ntc nfiK*. Self-pollination refers to the transfer of pollen from the 

varying the composition of the flu id. The com ponentsol the . * . , 

• ... . tm -lllt ; rtrt anther to the stigma of ihe same planl. 

mixture arc separated by selective elution. * r . 

_ r ^u^.c Single Gene Converted (Conversion) Plant refers lo plants 

Crossing refers to the mating of two parent plants. b * ' r 

_ „. ■ r . f ... - . rt f which are developed by a plant breeding technique called 

Cross-polhnation refers lo fertilization by the union ol ....,„* . ]. 

r , ,. a | 40 backcrossmg wherein essentially all of Ihe desired morpho- 

two gametes from different plants. . & . . 7 . r 

* f r .. u„,;„„ „ic «f logical and physiological characteristics of an inbred are 

Diploid refers lo a cell or organism having two sets ol * ,./.-..-. c j • u. 

■ v recovered in addition to the single gene transferred into ihe 

chromosomes. . . ° . 

Electrophoresis is a process by which particles suspended mbred v.a the backcross.ng techmque. 

in a fluid are moved under the action of an electrical field. «s Tissue Culture refers .0 a compose compnsmg bo- 

, , . .« • . . , . lated cells of the same or a different type or a collection of 

and thereby separated according 10 their charge and molecu- 

. . \™ . L j r - • 111 .v.^- such cells organized into parts of a plant, 

lar weight. This method of separation is well known to those * *> » . * 

.... , . • . - „ r j . „ The following examples are included to demonstrate 

skilled in the art and is typically applied lo separating " 1 

5MU /F r^v./r , j preferred embodiments of the invention. 1 1 should be appre- 

various forms of enzymes and of Defragments produced ^ ^ by ^ Qf ^ in ^ ^ lha| ^ lcchniqucs 

by restriction endonucleases. disclosed in the examples that follow represent tcchmques 

Emasculate refers to the removal of plant male sex organs. discovered by the inventor lo function well in the practice of 

Enzymes are organic catalysis that can exist in various lnc invention, and thus can be considered to constiiuie 

forms called isozymes. preferred modes for its practice. However, those of skill in 

F 3 Hybrid refers lo ihc first generation progeny of the 55 the art should, in light of the present disclosure, appreciate 

cross of two plants. mat many changes can be made in the specific embodiments 

Genetic Complement refers 10 an aggregate of nucleotide that are disclosed and still obtain a like or similar result 

- r n ,u:^u c^«,».t^c HrfW<; thr without departing from the spirit and scope of the invention, 

sequences, the expression of which sequences defines ^ the ^ £ ^ ?i ^V 

phenotype in corn plants, or components of plants including ^ ^ acoordance ^ Qne aspccl of (hc pfCSCDl invcnlion< 

cells or tissue. thcre ^ prov jded a novel inbred com planl, designated 

Genotype refers lo Ihc genetic constitution of a cell or 87D | A4 . ln5rcd corD p i aDl 87DIA4 is a yellow, dent corn 

organism. inbred lhat can be compared to inbred corn plants 2KACC, 

Haploid refers to a cell or organism having one set of the 3AZA1, and AQA3, all of which are proprietary inbreds of 

two sets of chromosomes in a diploid. 65 DEKALB Genetics Corporation. 87DI A4 differs signifi- 

Isozymes arc one of a number of enzymes which catalyze canlly (at the 1%, 5%, or 10% level) from these inbred lines 
the same reaction(s) but differ from each other, e.g., in in several aspects (Table 1. Table 2. and Table 3). 
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TABLE 1 

COMPARISON OF 87DIA4 WITH 2FAGC 





BARREN 


DROP 


EHT 




MST 


PHT 


RTL 


INBRED 


5» 


% 


INCH 


F1NAL 


6b 


INCH 




87DIA4 


0.3 


0.1 


24.3 


62.4 


17.8 


57.0 


0.2 


2FACC 


0.4 


0.6 


29.5 


62.0 


23.9 


67.1 


13 


DIFF 


-0.1 


-0.5 


-5.2 


0.4 


-6.1 


-10.1 


-1.1 


#LOC 


15 


1? 


8 


15 


14 


8 

o.oo— 


14 


P VALUE 


0.88 


0.65 


o.oo- 


0.84 


o.oo— 


0.40 



SHED 
GDU 



SELK 
GDU 



1363.1 
1482.6 
-1193 
b 

o.oo- 



1357.1 
14813 
-124.4 
8 

0.00- 



STL 



8.2 
5.8 
2.4 
13 
0.36 



Y1D 
BU 



65.1 
77.4 
-123 
13 
0.01 • 



Significance levels are indicated as: 
4-10 percent, 
• - 5 percent. 

» J percent. 
Legend Abbreviations: 
BARREN % - Banco Plants (percent) 
DROP % - Dropped Ears (percent) 
EHT INCH - Ear Height (inches) 
FINAL - Final Stand 
MST * - Moisture (percent) 
PHT INCH - Plant Height (inches) 
RTL % - Root Lodging (percent) 
SHED GDU - GDUs to Shed 
SILK GDU - GDUS to Silk 
STL % - Stalk Lodging (percent) 
VXD BU - Yield (bushels/acre) 



TABLE 2 

COMPARISON OF 87DIA4 WITH 3A2A1 

BARREN DROP EHT MST PHT RTL SHED SILK STL YLD 

* * INCH FINAL *> INCH * GDU GDU ft BU 

87DIA4 0* 0.3 24.3 62.4 37.8 57.0 0.2 1363.1 1357.1 8.2 65.1 

3A2A1 1 3 1.6 23.6 62.0 15.9 58.4 0.1 1322.6 1321.2 8.4 41.1 

BIFF -Si -L5 0.7 0.4 1.9 -1.4 0.1 40* 35.9 -0.2 24 0 

m tor i< n 8 15 14 8 14 8 8 13 13 

P VALUE 0.41 0.19 0.66 0.84 0.13 0.48 0.94 0.0Q- 0.03" 0.94 0.00- 



INBRED 



Significance levels are indicated as: 

♦ - 10 percent, 

• - 5 percent. 
** - 1 percent. 
Legend Abbreviations: 

BARREN % - Barren Plants (percent) 
DROP % - Dropped Ears (percent) 
EHT INCH - Ear Height (inches) 
FINAL - Final Stand 
MST % - Moisture (percent) 
PHT INCH - Plant Height (inches) 
RTL % - Root Lodging (percent) 
SHED GDU - GDUs lo Shed 
SILK GDU - GDUS to S3k 
STL * - Stalk Lodging (percent) 
YLD BU - Yield (bushels/acre) 



TABLE 3 

COMPARISON OF 87DIA4 WITH AQA3 





BARREN 


DROP 


EHT 




MST 


PHT 


RTL 


SHED 


INBRED 


% 


% 


INCH 


FINAL 




INCH 


% 


GDU 


87DIA4 


03 


0.1 


243 


62.4 


17.8 


57.0 


0.2 


1363.1 


AQA3 


0.4 


03 


25.9 


62.7 


14.4 


58.1 


1.0 


1356.2 


DIFF 


-0.3 


-0.4 


-1.6 


-03 


33 


-1.1 


-0.8 


6.9 



SILK STL YLD 
GDU 9h BU 



1357.1 8.2 65.1 
1348.6 15.2 35.1 
83 -7.0 29-4 
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TABLE 3-cominued 



COMPARISON OF 87D1A4 WITH AQA3 

BARREN DROP EHT MST PHT RTL SHED SILK STL YLD 

INBRED * * INCH FI NAL INCH % GPU GDI 1 % BU 

TlOC 3< J? 8 15 14 S 34 8 8 30 13 

P VALUE 0.86 0.72 034 0.86 0.00" 0.58 0.56 0.64 0.63 0.01 " 0.00" ■ 



Significance levels are indicated as: 
♦ - 10 pcrccni- 
" - 5 percent.. 

- 3 percent. 
Legend Abbreviations: 
BARREN % - Barren Plants (percent) 
DROP 5> - Dropped Ear* (percent) 
EHT INCH - Ear Height (inches) 
FINAL - Final Stand 
MST % - Moisture (perccot) 
PHT INCH - Plant Height (inches) 
RTL % - Root Lodging (percent) 
SHED GDU - GDUs to Shed 
SILK GDU - GDUS to SDk 
STL * - Stalk Lodging (percent) 
YLD BU - Yield (bushels/acre) 



A. ORIGIN AND BREEDING HISTORY 

Inbred planl 87D1 A4 was derived from the cross between 
a line derived from 2FACC and 3A2A1. 

87DIA4 shows uniformity and stability within the limits 
of environmental influence for the trails described herein- 
after in Table 4. 87D1A4 has been self-pollinated and 
car-rowed a sufficient number of generations with careful 
attenlion paid lo uniformity of planl type to ensure homozy- 
gosity and phenotypic stability. No variant trails have been 
observed or arc expected in 87DIA4. 

A deposit of 2500 seeds of plant designated 87D1A4 has 
been made with ihe American Type Culture Collection 
(ATCC), Rockville Pike, Bethesda, Md. on Sep. 11, 1998. 
Those deposited seeds have been assigned Accession No. 
2031 92. The deposit was made in accordance with the terms 
and provisions of the Budapest Treaty relating lo deposit of 
microorganisms and is made for a term of at least thirty (30) 
years and at least five (05) years after the most recent request 
for the furnishing of a sample of the deposit was received by 
the depository, or for the effective term of the patent, 
whichever is longer, and wfll be replaced if it becomes 
non-viable during that period. 

Inbred corn plants can be reproduced by planting such 
inbred seeds, growing the resulting corn plants under sell- 
pollinating or sib-pollinating conditions with adequate iso- 
lation using standard techniques well known to an artisan 
skilled in the agricultural arts. Seeds can be harvested from 
such a plant using standard, well known procedures. 

The origin and breeding history of inbred plant 87DIA4 
can be summarized as follows: 



Summer 1988 The cross. 2FACC and AQA3 was made. 
Both inbrcds are proprietary to DEKALB Genetics 
Corporation. 

Winter 1988 SO seed was grown (nursery row 67-51). 
Summer 1989 Si seed was grown (nursery rows 4-25 to 
4-38). 

Winter 1989 S2 seed was grown ear-to-row (nursery row 
649-62). 

Summer 1990 S3 seed was grown ear-to-row (nursery 
row 130-15). 

Winter 1990 S4 seed was grown ear-lo-row (nursery row 
C23-23). 

Summer 1991 S5 seed was grown ear-to-row (nursery 
row 222-67). 

Summer 1992 S6 seed was grown ear-to-row (nursery 
row 418-56). 

Summer 1993 S7 seed was grown ear-to-row (nursery 
rows 346-32 lo 346-39). Seed from all rows was bulked 
to form 87DIA4. 

B. PHENOTYPIC DESCRIPTION 

In accordance with another aspcel of the present 
invention, there is provided a com plant having the physi- 
ological and morphological characteristics of corn plant 
87D1A4. A description of the physiological and morpho- 
logical characteristics of com planl 87D1A114 is presented 
in Table 4. 



TABLE 4 



MORPHOLOGICAL TRAITS FOR THE 87D1A4 PHENOTYPE 



CHARACTERISTIC 


87DIA4 


2FACC 


3A2A3 


AOA3 


STALK 










Diameter (widlh) cm 


3.9 


2.2 


ZO 


2.2 


Anthocyonin 


Absent 


Absent 


Absent 


Absent 


Nodes with Brace 


L4 


1.9 


2.0 


1.5 


Roots 










Brace Root Color 


Red 


Purple 




Green 


Intcmodc Direction 


Straight 


Straight 


Straight 


Straight 
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TABLE 4-continued 



MORPHOLOGICAL TRAITS FOR THE 87P1A4 PHENCTTYPE 



CHARACTERISTIC 87DIA4 



2FACC 



3AZAJ 



A0A3 



loicmode Length cm. 


10.2 


LEAF 




Colo: 


Med Green 


Length cm. 


68.0 


Width cm 


10.0 


Sheath Anthocyanin 


Weak 


Sheath Pubescence 


Medium 


Marginal Waves 


Few 


Longitudinal Creases 


Abseni 


TASSEL 




Attitude 


Compact 


Length cm. 


29.5 


Spike Length cm. 


19.5 


Peduncle Length cm- 


2.9 


Branch Number 


4.5 


Anther Color 


Red 


Glume Color 


Green 


Glume Band 


Absent 


EAR 




Silk Colo. 


Pink 


Number Per Stalk 


1.1 


Position (attitude) 


Upright 


Length cm. 


15.6 


Shape 


Semi-conical 


Diameter cm. 


3.8 


Weight gm. 


99.1 


Shank Length cm. 


16.5 


Husk Bract 


Shon 


Husk Cover cm. 


3.4 


Husk Opening 


Tight 


Husk Color Fresh 


Greco 


Husk Color Dry 


Buff 


Cob Diameter cm- 


2.3 


Cob Color 


Red 


Shelling Percent 


85.1 


KERNEL 




Row Number 


14.0 


Number Per row 


31.4 


Row Direction 


Curved 


Tyjx 


Dent 


Cap Color 


Ycllow 


Side Color 


Yellow 


Length (depth) mm. 


10.2 


Width mm. 


8,1 


Thickness 


4.3 


Weighl of 3000K gm. 


281-5 . 


Endosperm Type 


Normal 


Endosperm Color 


Yellow 



32.7 

Med Green 

71.3 

&- 

Weak 

Lighi 

Few 

Absent 

Compact 

26.7 

39.3 

5.2 

7.7 

Pink 

Green 

Abseni 

Tan 
1.3 

Upright 
13.9 

Semi-conical 

4.2 

116.3 

14-8 

Short 

6.6 

Intermediate 

Lt Green 

Buff 

2.6 

Red 

83.4 



14,0 



11.3 



Med Green 
67.9 



Med Green 
66.2 

7.9 8.3 

Weak Abseni 

Medium Medium 

Few Few 

— Few 



33.0 
24.4 
3.6 
3.8 
Tan 
Green 
Absent 

Gm-Yellow 

3.6 

Pendant 
16.4 

Semi -conical 

3.4 

89.8 

20.7 

Short 

3.9 

Green 
Bufi 

yi 

Red 
85.8 



14.7 123 

25.5 32.2 

Curved Curved 

Dent Dent 

Yellow Yellow 

Deep Yellow Orange 



30.7 
8.3 
4.3 
280.7 
Normal 
Yellow 



9.2 
13 
4.2 
223.8 
Normal 
Yclkw 



Open 

33.0 

23.1 

3.6 

5.5 

Grn-Yellow 

Green 

Absent 

Grn-Yellow 
1.4 

Upright 
36.3 

Semi- conical 

3-6 

93.3 

34.9 

Short 

3.2 

Intermediate 

Lt Green 

Buff 

2.3 

Red 

85.0 

35.1 

33.2 

Curved 

Dent 

Lemon 

Yellow 

Orange 

9.6 

7.1 

3.8 

173.7 

Normal 

Yellow 



-These are lypical values. Values may vary due to environment Other values that arc 
substantially equivalent are also within the scope of the invention. Substantially equivalent 
refers to quantitative traits that when compared do not show statistical differences of their 
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IV. ADDITIONAL INBRED CORN PLANTS 

The inbred corn plant 171KJ3 has been employed with the 
corn plant of the present invention in order to produce an 
exemplary hybrid. A description of the physiological and 
morphological characteristics of this com plant is presented 



herein at Table 5. Additional information for this inbred corn 
plant is presented in co-pending U.S. patent application Ser. 
No. 08/795,403, filed Feb. 5, 1997, the disclosure of which 
application is specifically incorporated herein by reference 



TABLE 5 



MORPHOLOGICAL TRAITS FOR 
THE 373 K13 PHENOTYPE 



CHARACTERISTIC 37IKI3 



03CS12 



03IBH: 



3IIH6 



1. STALK 

Diameter (width) 
cm. 



2.3 



2.3 
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T ABLE 5-cominued 

MORPHOLOGICAL TRAITS FOR 





THE 171KI5 PHENOTYPE 






CHARACTERISTIC 


371K1? 


01CS12 


01IBH2 


3IIH6 


Anthocyanin 


Absem 


Absent 


Absent 


Absent 


Nodes With Bract 


0.9 


1> 


3.3 


0.7 


Roots 










Brace Root Color 


Green 


Greer. 


Green 




1 nit mode Direction 


Straight 


Straight 


Straight 


Straight 


Iniemodc Length 
cm. 
2. LEAF 


15.9 


12.$ 


34.4 


33.1 










Coloi 


Med Green 


— 


Med Green 


Med Oreen 


Width cm. 


9.7 


&9 


8.9 


8.0 


Marginal Waves 


Few 


Few 


Few 


Few 


3. TASSEL 










Length cm. 


42.6 


33.: 


33.6 


35.3 


Spike Length cm. 


22.9 


23.1 


23.3 


25.2 


Peduncle Length 


9.6 


3.9 


8.2 


7.6 


cm. 

Branch Number 


9.3 


7.4 


7.8 


12.9 


Anther Color 


Purple 


Cm-Yellow 


Gro-Yellow 




Glume Color 


Purple 


Green 


Green 




Glume Band 


Present 


Absent 


Absent 


Absent 


4. EAR 


Pink 


Pink 


— 


Red 


Silk Color 


1.0 


1.0 


3.0 


3.4 


Number Per Stalk 


Upright 


— 


— 


Upright 


Position (attitude) 


34.6 


16.0 


14.6 


35.6 


Length cm. 


Semi-conical 


Semi-conical 


Semi-conical 


Semi-conical 


Shape 


4.0 


3.8 


4.0 


3.9 


Diameter cm. 


104.9 


300.6 


103.2 


107.6 


Weight gm. 


10.3 


34.1 


10.3 


9.6 


Shank Length cm. 


Short 




Short 


Short 


Husk Bract 


6.4 


2.5 


4.4 


3.7 


Husk Cover cm. 


Greer. 


Orecn 


Green 


Green 


Husk Color Fresh 


BuQ 


BuQ 


DUU 


Buff 


Husk Color Dry 


2.3 


2.4 


2.3 


2.J 


Cob Diameter cm. 


Red 




Red 


Red 


Cob Color 


87.7 


80.6 


89.0 


83.3 


Shelling Percent 








15.3 


5. KERNEL 


14.6 


14.8 


16^ 


Row Number 


32-3 


27.3 


29J 


29.7 


Number Per Row 


Curved 


Curved 


Curved 


Curved 


Row Direction 


Dent 




Dent 




Type 


Yellow 


Yellow 


Yellow 


Yellov 


Op Coloi 


Deep Yellow 




Orange 


30.3 


Side Color 


11.1 


9.4 


10.9 


Length (depth) mm. 


7.B 


8.0 


7.4 


7.8 


Width mm. 


3.9 


5.2 


4.4 


4.2 


Thickness 


269.0 


252.4 


233.0 


247.8 


Weight of 30OOK 


Normal 


Normal 


Normal 


Normal 


grn. 

Endospcnn Type 


Yellow 


Yellow 


Yellow 


Yellow 



Endosperm Color 



•These are typical values. Values may vary due to environment Other values (hat are 
substantially equivalent are also within the scope of the invention. Substantially equivalent 
refers to quantitative traits that when compared do not show statistical differences of their 
mearu. 

V. SINGLE GENE CONVERSIONS desired characterisiic is lermed ibe nonrecurrent or donor 

When ihc term inbred corn plant is used in the context of parent. This terminology refers to the fact thai the nonre- 
the present invention, this also includes any single gene 55 current parent is used one lime in the backcross protocol and 
conversions of that inbred. The lerm single gene converted therefore does not recur. The parental corn plant to which the 
plant as used herein refers to those corn plants which arc gene or genes from the nonrecurrent parent arc transferred is 
developed by a plant breeding technique called backcrossing known as the recurrent parent as it is used for several rounds 
wherein essentially all of the desired morphological and in ihe backcrossing protocol (Poehlman & Sleper, 1994; 
physiological characteristics of an inbred are recovered in 60 Fehr, 1987). In a typical backcross protocol, the original 
addition to the single gene transferred into the inbred via the inbred of interest (recurrent parent) is crossed to a second 
backcrossing technique. Backcrossing methods can be used inbred (nonrecurrent parent) that carries the single gene of 
with the present invention to improve or introduce a char- interest to be transferred. The resulting progeny from this 
acteristic into the inbred. The term backcrossing as used cross are then crossed again to the recurrent parent and the 
herein refers to the repeated crossing of a hybrid progeny 65 process is repeated until a com plant is obtained wherein 
back to one of the parental com plants for that inbred. The essentially all of the desired morphological and pbysiologi- 
parental com plant which contributes the gene for the cal characteristics of the recurrent parent arc recovered in the 
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convened plant, in addition io the single transferred gent Hawaii Nurseries Planting Date Jul. 15, 1992 S-0 was 

from the nonrecurrent parent. grown and plants were backcrossed limes 85DGD1 

The selection of a suitable recurrent parent is an important (rows 444' 443) 

step for a successful backcrossing procedure. The goal of a Hawaii Nurseries Planting Date Bulked seed of the BCl 

backcrross protocol is to alter or substitute a single trait or 5 was grown and Nov. 18, 1992 backcrossed times 

characteristic in the original inbred. To accomplish this, a 85DGD1 (rows V3-27 V3-26) 

single gene of the recurrent inbred is modified or substituted Hawaii Nurseries Planting Date Apr. 2, 1993 Bulked seed 

with the desired gene from the nonrecurrent parent, whilt of the BC2 was gown and backcrossed times 85DGD1 

retaining essential! v all of the rest of the desired genetic, and (rows 37* 36) 

therefore the desired pbvsiological and morphological, con- 10 Hawaii Nurseries Planting Date Jul. 14, 1993 Bulked seed 

stitution of the original "inbred. The choice of the particular of the BC3 was grown and backcrossed times 85DGDJ 

nonrecurrent parent will depend on the purpose of the (rows 99' 98) 

backcross, one of the major purposes is to add some com- Hawaii Nurseries Planting Date Bulked seed of BC4 was 

mcrcially desirable, agronomically important trait io the grown and backcrossed Oct. 28, 1993 limes 85DGD1 

plant. The exact backcrossing protocol will depend on the j< < rows KS-63* KS-62) 

characteristic or trait being altered to determine an appro- Summer 1994 A single ear of the BC5 was grown and 

priate testing protocol. Although backcrossing methods art backcrossed times 85DGD1 (MC94-822* MC94-822-7) 

simplified when the characteristic being transferred is a Winter 1994 Bulked seed of the BC6 was grown and 

dominant allele, a recessive allele may also be transferred. In backcrossed limes 85DGD1 (30-1' 3Q-2) 

this instance it may be necessary to introduce a test of the 20 Summer 1995 Seed of the BC7 was bulked and named 

progenv to determine if the desired characteristic has been 85DGD1 MLms. 

successfully transferred. VII. TISSUE CULTURE AND IN VITRO REGENERA- 

Many single gene trails have been identified that are not TION OF CORN PLANTS 

regularly selected for in the development of a new inbred but A further aspect of the invention relates to tissue cullure 

that can be improved by backcrossing techniques. Single 25 of corn plants designated 87D1A4. As used herein, the term 

gene trails may or may not be transgenic, examples of these "tissue culture" indicates a composition comprising isolated 

traits include but are not limited to, male sterility, waxy cells of the same or a different type or a collection of such 

starch, herbicide resistance, resistance for bacterial, fungal, cells organized into parts of a plant. Exemplary types of 

or viral disease, insect resistance, male fertility, enhanced . tissue cultures are protoplasts, calli, plant clumps, and plant 

nutritional quality, industrial usage, yield stability and yield 30 cells that are intact in plants or parts of plants, such as 

enhancement. These genes are generally inherited through embryos, pollen, flowers, kernels, ears, cobs, leaves, husks, 

the nucleus. Some known exceptions to this are the genes for stalks, roots, root lips, anthers, silk and the like. In 1. 

male sterility, some of which are inherited cytoplasmically, preferred embodiment, tissue cullure is embryos, protoplast, 

but still act as single gene traits. Several of these single gene merisiematic cells, pollen, leaves or anthers. Means for 

traits are described in U.S. Ser. No. 07/113,561, filed Aug. 35 preparing and maintaining plant tissue culture are well 

25, 1993, the disclosure of which is specifically hereby known in the art. By way of example, a tissue culture 

incorporated by reference. comprising organs such as tassels or anthers, has been used 

Direct selection may be applied where the single gene acts to produce regenerated plants. (See, U.S. patent applications 

as a dominant trait. An example might be the herbicide Ser. No. 07/992,637, filed Dec. 18, 1992 and 07/995,938, 

resistance trait. For this selection process, the progeny of the 40 filed Dec. 21, 1992, now issued as U.S. Pat. No. 5.322,789. 

initial cross are sprayed with the herbicide prior to the issued Jun. 21, 1994, ihe disclosures of which are incorpo- 

backcrossing. The spraying eliminates any plants which do rated herein by reference), 

not have the desired herbicide resistance characteristic, and VIII. TASSEUANTHER CULTURE 

only those plants which have the herbicide resistance gene Tassels contain anthers which in turn enclose 

arc used in the subsequent backcross. This process is then 45 microspores. Microspores develop into pollen. For anther/ 

repeated for all additional backcross generations. microspore culture, if tassels are the plant composition., they 

The waxy characteristic is an example of a recessive trail. are preferably selected at a slage when ihe microspores are 
In this example, the progeny resulting from the first back- uninucleate, that is, include only one, rather than 2 or 3 
cross generation (BCl) must be grown and selfed. A test is nuclei. Methods to determine the correct stage are well 
then run on the sel fed seed from the BCl plant to determine 50 known to those killed in the art and include mitramycin 
which BCl plants carried the recessive gene for the waxy fluorescent staining (Pace et al., 1987), trypan blue 
trait. In other recessive trails, additional progeny testing, for (preferred) and acetocarmine squashing. The mid- 
example growing additional generations such as the BCl Si uninucleate microspore stage has been found to be the 
may be required to determine which plants cany the reces- developmental slage most responsive to the subsequent 
sive gene. 55 methods disclosed to ultimately produce plants. 
VI. ORIGIN AND BREEDING HISTORY OF AN EXEM- Although microspore-containing plant organs such as 
PLARY SINGLE GENE CONVERTED PLANT tassels can generally be prelreaied at any cold temperature 

85DGD1 MLms is a single gene conversion of 85DGD1 below about 25° C, a range of 4 to 25° C. is preferred, and 
to cytoplasmic male sterility. 85DGD1 MLms was derived a range of 8 to 14° C. is particularly preferred. Alihough 
using backcross methods. 85DGD1 (a proprietary inbred of 60 other temperatures yield cmbryoids and regenerated plants, 
DEKALB Genetics Corporation) was used as the recurrent cold temperatures produce optimum response rates corn- 
parent and MLms, a germplasm source carrying ML cyto- pared to pretreatment at temperatures outside the preferred 
plasmic sterility, was used as the nonrecurrent parent. The range. Response rate is measured as either the number ol 
breeding hislory of the single gene converted inbred embryoids or the number of regenerated plants per number 
85DGD1 MLms can be summarized as follows: 65 of microspores initiated in cullure. 

Hawaii Nurseries Planting Dale Apr. 2, 1992 Made up Although not required, when tassels are employed as the 

S-O: Female row 585 male row 500 plant organ, il is generally preferred to sterilize their surface. 
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Following surface sterilization of Ibe tassels, for example, The result of the foregoing steps is the preparation of a 

with a solution of calcium hypochlorite, the anthers are relatively pure tissue culture suspension of microspores that 

removed from about 70 to 150 spikelets (small portions of are relatively free of debris. and anther remnants, 

the tassels) and placed in a prcculture or pretreatment To isolate microspores, an isolation media is preferred. An 

medium. Larger or smaller amounts can be used depending 5 eolation media is used to separate microspores from the 

on the number of anthers. an,her wal,s wh,lc ™i nlai ™£ <heir viability and embryo- 

When one elects to employ tassels directly, tassels" are £ cmc P»"ntia1. An illustrative embodiment of an isolation 

preferablv pretreated at a cold temperature for a predefined med ' a a * P*'"" 1 sucrose °' ma, ' 0St ;. SO,Ul, K ° n 

time, preferably at 10° C. for about 4 days. After pretreat- ™™ b ™ 6 a " S " ch f * ™ m & " 
,F f , J _ . . . , , S , , acid, 0.1 mg/1 biotm and 400 mg/1 of proline, combined with 
ment of a whole tassel at a cold temperature dissected 10 }Q of * ico|ink add and ^ m ^ AgN0 3 . In another 
anthers are further pretreated in an environment thai diverts cmbodimcnl> (hc biotin and prolinc arc omitte 3 d 
microspores from their developmental pathway. The tunc- ^ isojalion media pre ferablv has a higher antioxidant 
lion of the prcculture medium is to switch the developmental )evc , wherc uscd |Q isolale microspores from a donor plant 
program from one of pollen development that of embryoid/ ^ p)anl frora wnich a plant composition containing a 
callus development. An embodiment of such an environment 15 microspore is obtained) that is field grown in contrast to 
in the form of a precullure medium includes a sugar alcohol, greenhouse grown. A preferred level of ascorbic acid in an 
for example mannitol or sorbitol, inositol or the like. An isolation medium is from about 50 mg/l to about 125 mg/1 
exemplary synergistic combination is the use of mannitol at and, more preferably from about 50 mg/1 to about 100 mg/1. 
a temperature of about 10° C. for a period ranging fjom One can find particular benefit in employing a support lor 
about 10 to 14 days. In a preferred embodiment, 3 ml of 0.3 20 the microspores during culturing and subculturing. Any 
M mannitol combined with 50 mg/1 of ascorbic acid, silver support that maintains the cells near the surface can be used, 
nitrate and colchicine is used for incubation of anthers at 10 c The microspore suspension is layered onto a support, for 
C. for between 10 and 14 days. Another embodiment is to example by pipetting. There arc several types of supports 
substitute sorbitol for mannitol. The colchicine produces which are suitable and are within the scope of the invention- 
chromosome doubling at this early stage. The chromosome 25 An illustrative embodiment of a solid support is a TRAN- 
doubling agent is preferably only present at the precullure SWELL® culture dish. Another embodiment of a solid 
siage. support for development of the microspores is a bilayer plate 
It is believed that the mannitol or other similar carbon wherein liquid media is on top of a solid base. Other 
structure or environmental stress induces starvation and embodiments include a mesh or a mil lipore filter. Preferably, 
functions to force microspores to focus their energies on 30 a solid support is a nylon mesh in the shape of a raft. A raft 
entering developmental stages. The cells are unable to use, is defined as an approximately circular support material 
for example, mannitol as a carbon source at this stage. It is which is capable of floating slightly above the bottom of a 
believed that these treatments confuse the cells causing them tissue culture vessel, for example, a pelri dish, of about a 60 
to develop as embryoids and plants from microspores. or 100 mm size, although any other laboratory tissue culture 
Dramatic increases in development from these haploid cells, 35 vessel will suffice. In an illustrative embodiment, a raft is 
as high as 25 embryoids in 10* microspores, have resulted about 55 mm in diametei. 

from using these methods. Culturing isolated microspores on a solid support, for 

In embodiments where microspores are obtained horn example, on a 10 mm pore nylon raft floating on 2.2 ml of 

anthers, microspores can be released from the anthers into an medium in a 60 mm pelri dish, prevents microspores from 

isolation medium following the mannitol precullure step. 40 sinking into the liquid medium and thus avoiding low 

One method of release is by disruption of the anthers, for oxygen tension. These types of cell supports enable the 

example, by chopping Ibe anthers into pieces with a sharp serial transfer of the nylon raft with its associated 

instrument, such as a razor blade, scalpel or Waring blender. microspore/cmbryoids ultimately to full strength medium 

The resulting mixture of released microspores, anther frag- containing activated charcoal and solidified with, for 

menis and isolation medium are then passed through a filter 45 example, GELRJTE™ (solidifying agent). The charcoal is 

to separate microspores frora anther wall fragments. An believed to absorb toxic wastes and intermediaries. The solid 

embodiment of a filler is a mesh, more specifically, a nylon medium allows embryoids to mature, 

mesh of about 112 mm pore size. The filtrate which results The liquid medium passes through the mesh while the 

from filtering the microspore-conlaining solution is prefer- microspores are retained and supported at the medium -air 

ably relatively free of anther fragments, cell walls and other 50 interface. The surface tension of the liquid medium in the 

debris. pel" dish causes the raft to float. The liquid is able to pass 

In a preferred embodiment, isolation of microspores is through the mesh: consequently, the microspores stay on 

accomplished at a temperature below about 25° C. and, top. The mesh remains on lop of the total volume of liquid 

preferably at a temperature of less than about 15° C. medium. An advantage of the raft is to permit diffusion of 

Preferably, the isolation media, dispersing tool (e.g., razor 55 nutrients to the microspores. Use of a raft also permits 

blade) funnels, centrifuge tubes and dispersing container transfer of the microspores from dish to dish during subse- 

(e.g., pelri dish) arc all maintained at the reduced tempera- quent subculture with minimal loss, disruption or distur- 

ture during isolation. The use of a precooled dispersing tool bance of the induced embryoids that are developing. The 

to isolate maize microspores has been reported (Gaillard et rafts represent an advantage over the multi-welled TRAN- 

al., 1991). 6 0 SWELL® plates, which are commercially available from 

Where appropriate and desired, the anther filtrate is then COSTAR, in that the commercial plates are expensive, 
washed several times in isolation medium. The purpose of Another disadvantage of these plates is that to achieve the 

the washing and centrifugal ion is to eliminate any toxic serial transfer of microspores to subsequent media, the 

compounds which are contained in the non-microspore part membrane support with cells must be peeled off the insert in 

of the filtrate and arc created by the chopping process. The 65 the wells. This procedure does not produce as good a yield 
centrifugation is usually done at decreasing spin speeds, for nor as efficient transfers, as when a mesh is used as a vehicle 

example, 1000, 750, and finally 500 rpms. for cell transfer. 
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The culture vessels can be further defined as cither (3) a 
bilayer 60 mm petri plaie wherein the bollom 2 ml of 
medium are solidified with 0.7 percent agarose, overlaid 
with 1 mm of liquid containing the microspores; (2) a nylon 
mesh raft wherein a wafer of nylon is floated on 1.2 ml of 
medium and 1 ml of isolated microspores is pipetted on lop; 
or (3) TRANS WELL® plates wherein isolated microspores 
are pipetted onto membrane inserts which support the 
microspores at the surface of 2 ml of medium. 

After the microspores have been isolated, they are cul- 
tured in a low strength anther culture medium until about the 
50 cell stage when they are subcultured onto an embryoid/ 
callus maturation medium. Medium is defined at this stage 
as any combination of nutrients that permit the microspores 
to develop into embryoids or callus. Many examples of 
suitable embryoid/callus promoting media are well known to 
those skilled in the art. These media will typically comprise 
mineral salts, a carbon source, vitamins, growth regulations. 
A solidifying agent is optional. A preferred embodiment of 
such a media is referred to by the inventor as the * 4 D 
medium" which typically includes 6N1 salts, AgN0 3 and 
sucrose or maltose. 

In an illustrative embodiment, 1 ml of isolated 
microspores are pipetted onto a 10 mm nylon raft and the 
raft is floated on 3 .2 ml of medium 4 *D", containing sucrose 
or, preferably maltose. Both calli and embryoids can 
develop. Calli are undifferentiated aggregates of cells. Type 
I is a relatively compact, organized and slow growing callus. 
Type ]] is a soft, friable and fast-growing one. Embryoids are 
aggregates exhibiting some embryo-like structures. The 
embryoids are preferred for subsequent steps to regenerating 
plants. Culture medium "D" is an embodiment of medium 
that follows the isolation medium and replaces it. Medium 
**D" promotes growth to an embryoid/callus. This medium 
comprises 6N1 salts at V4 the strength of a basic stock 
solution, (major components) and minor components, plus 
12 percent sucrose or, preferably 12 percent maltose, 0.1 
mgi/1 Bl, 0.5 mg/1 nicotinic acid, 400 mg/1 proline and 0.5 
mg/1 silver nitrate. Silver nitrate is believed to act as an 
inhibitor to the action of ethylene. Multi-cellular structures 
of approximately 50 cells each generally arise during a 
period of 12 days to 3 weeks. Serial transfer after a two week 
incubation period is preferred. 

After the petri dish has been incubated for an appropriate 
period of time, preferably two weeks, in the dark ai a 
predefined temperature, a raft bearing the dividing 
microspores is transferred serially to solid based media 
which promotes embryo maturation. In an illustrative 
embodiment, the incubation temperature is 30° C. and the 
mesh raft supporting the embryoids is transferred to a 100 
mm petri dish containing the 6N1-TGR-4P medium, an 
"anther culture medium." This medium contains 6N1 salts, 
supplemented with 0.1 mg/1 T1BA, 12 percent sugar 
(sucrose, maltose or a combination thereof), 0.5 percent 
activated charcoal, 400 mg/1 proline, 03 mg/1 B, 0.5 mg/1 
nicotinic acid, and 0.2 percent GELR1TE™ (solidifying 
agent) and is capable of promoting the maturation of the 
embryoids. Higher quality embryoids, that is, embryoids 
which exhibit more organized development, such, as better 
shoot merislem formation without precocious germination 
were typically obtained with the transfer to full strength 
medium compared to those resulting from continuous cul- 
ture using only, for example, the isolated microspore culture 
(IMC) Medium "D." The maturation process permits the 
pollen embryoids to develop further in route toward the 
eventual regeneration of plants. Serial transfer occurs to full 
strength solidified 6N1 medium using either the nylon raft, 
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the TRANSWELL® membrane or bilayer plates, each one 
requiring the movement of developing embryoids to permit 
further development into physiologically more mature struc- 
tures. 

5 In an especially preferred embodiment, microspores are 
isolated in an isolation media comprising about 6 percent 
maltose, cultured for about two weeks in an embryoid/calli 
induction medium comprising about 12 percent maltose and 
then transferred to a solid medium comprising about 12 

jo percent sucrose. 

At the point of transfer of the raft after about two weeks 
incubation, embryoids exist on a nylon support. The purpose 
of transferring the raft with the embryoids to a solidified 
medium after the incubation is to facilitate embryo matura- 

15 tion. Mature embryoids at this point are selected by visual 
inspection indicated by zygotic embryo-like dimensions and 
structures and are transferred to the shoot initiation medium. 
It is preferred that shoots develop before roots, or that shoots 
and roots develop concurrently. If roots develop before 

20 shoots, plant regeneration can be impaired. To produce 
solidified media, the bottom of a petri dish of approximately 
100 mm is covered with about 30 ml of 0.2 percent GEL- 
RITE™ (solidifying agent) solidified medium. A sequence 
of regeneration media are used for whole plant formation 

25 from the embryoids. 

During the regeneration process, individual embryoids are 
induced to form plant lets. The number of different media in 
the sequence can vary depending on the specific protocol 
used. Finally, a rooting medium is used as a prelude to 

30 transplanting to soil. When plantlets reach a height of about 
5 cm, they are then transferred to pots for further growth into 
flowering plants in a greenhouse by methods well known to 
those skilled in the art. 

Plants have been produced from isolated microspore 

35 cultures by methods disclosed herein, including self- 
pollinated plants. The rate of embryoid induction was much 
higher with the synergistic precullurc treatment consisting of 
a combination of stress factors, including a carbon source 
which can be capable of inducing starvation, a cold lem- 

40 perature and colchicine, than has previously been reported. 
An illustrative embodiment of the synergistic combination 
of treatments leading to the dramatically improved response 
rate compared to prior methods, is a temperature of about 
10° C, mannitol as a carbon source, and 0.05 percent 

45 colchicine. 

The inclusion of ascorbic acid, an antioxidant, in the 
isolation medium is preferred for maintaining good 
microspore viability. However, there seems to be no advan- 
tage to including mineral salts in the isolation medium. The 

50 osmotic potential of the isolation medium was maintained 
optimally with about 6 percent sucrose, although a range of 
2 percent to 12 percent is within the scope of this invention. 

In an embodiment of the embryoid/callus organizing 
media, mineral salts concentration in IMC Culture Media 

55 M D" is (Vax), the concentration which is used also in anther 
culture medium. The 6N1 salts major components have been 
modified to remove ammonium nitrogen. Osmotic potential 
in the culture medium is maintained with about 12 percent 
sucrose and about 400 mg/1 proline. Silver nitrate (0.5 mg/1) 

60 was included in the medium to modify ethylene activity. The 
preculture media is further characterized by having a pH of 
about 5.7 to 6.0. Silver nitrate and vitamins do not appear to 
be crucial to this medium but do improve the efficiency of 
the response. 

65 Whole anther cultures can also be used in the production 
of monocotyledonous plants from a plant culture system. 
There are some basic similarities of anther culture methods 
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and microspore culture methods with regard to the media 
used. A difference from isolated microspore cultures is that 
undisrupted anthers are cultured, so that a support, eg., a 
nylon mesh support, is not needed. The first step in devel- 
oping the anther cultures is to incubate tassels at a cold 5 
temperature. A cold temperature is defined as less than about 
25° C More specifically, the incubation of the tassels is 
preferably performed at about 10° C. A range of 8 to 14° C. 
is also within tbe scope of the invention. The anthers are then 
dissected from the tassels, preferably after surface steriliza- 10 
lion using forceps, and placed on solidified medium. An 
example of such a medium is designated by the inventors as 
6N1-TGR-P4 

The anthers are then treated with environmental condi- 
tions that area combinations of stresses that are capable of ]5 
diverting microspores from gametogenesis to embryogen- 
esis. It is believed that the stress effect of sugar alcohols in 
the preculture medium, for example, mannitol, is produced 
by inducing starvation at the predefined temperature. In one 
embodiment, the iriciroation pretreatment is for about 14 20 
days at 10° C. It was found that treating the anthers in 
addition with a carbon structure, an illustrative embodiment 
being a sugar alcohol, preferably, mannitol, produces dra- 
matically higher anther culture response rates as measured 
by the number of eventually regenerated plants, than by 25 
treatment with either cold treatment or mannitol alone. 
These results are particularly surprising in light of teachings 
that cold is better than mannitol for these purposes, and that 
warmer temperatures interact with mannitol better. 

To incubate the anthers, they are floated on a preculture 30 
medium which diverts the microspores from gametogenesis, 
preferably on a mannitol carbon structure,, mort 
specifically, 0.3 M of mannitol plus 50 mg/1 of ascorbic acid. 
3 ml is about the total amount in a dish, for example, a tissue 
culture dish, more specifically, a 60 mm petri dish. Anthers 35 
are isolated from about 120 spikelets for one dish yields 
about 360 anthers. 

Chromosome doubling agents can be used in the precul- 
ture media for anther cultures. Several techniques for dou- 
bting chromosome number (Jensen, 1974; Wan ct a!., 1989) 40 
have been described. Colchicine is one of the doubling 
agents. However, developmental abnormalities arising from 
in vitro cloning arc further enhanced by colchicine 
treatments, and previous reports indicated thai colchicine is 
toxic to microspores. Tbe addition of colchicine in increas- 45 
ing concentrations during mannitol pretreatment prior to 
anther culture and microspore culture has achieved 
improved percentages. 

An illustrative embodiment of the combination of a 
chromosome doubling agent and preculture medium is one 50 
which contains colchicine. In a specific embodiment, the 
colchicine level is preferably about 0.05 percent. The 
anthers remain in tbe mannitol preculture medium with the 
additives for about 10 days at 10° C. Anthers are then placed 
on maturation media, for example, that designated 6N1- 55 
TGR-P4, for 3 to 6 weeks to induce embryoids. If the plants 
are to be regenerated from the embryoids, shoot regeneration 
medium is employed, as in the isolated microspore proce- 
dure described in the previous sections. Other regeneration 
media can be used sequentially to complete regeneration of 60 
whole plants. 

The anthers are then exposed to embryo id/callus promot- 
ing medium, for example, that designated 6N1-TGR-P4 lo 
obtain callus or embryoids. The embryoids arc recognized 
by identification visually of embryonic -I ike structures. At 65 
this stage, the embryoids arc transferred serially to a series 
of regeneration media. In an illustrative embodiment, :he 
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shoot initiation medium comprises BAP (6-benzyl-amino- 
purine) and NAA (naphthalene acetic acid). Regeneration 
protocols for isolated microspore cultures and anther cul- 
tures are similar. 

IX. OTHER CULTURES AND REGENERATION 

Tbe present invention contemplates a corn plant regener- 
ated from a tissue culture of an inbred (e.g., 87D1A4) or 
hybrid plant (e.g., 4033843) of the present invention. As is 
weU known in 1 be art, tissue culture of cum can be used for 
the in viiro regeneration of a corn plant. By way of example, 
a process of tissue culturing and regeneration of com is 
described in European Patent Application, publication 160, 
390, the disclosure of which is incorporated by reference. 
Corn tissue culture procedures are also described in Green & 
Rhodes (1982) and Duncan ct a I., (1985). The study by 
Duncan el al. (1985) indicates that 97 percent of cultured 
plants produced calli capable of regenerating plants. Subse- 
quent studies have shown that both inbreds and hybrids 
produced 91 percent regenerable calli that produced plants. 

Other studies indicate that non-traditional tissues are 
capable of producing somatic embryogencsis and plant 
regeneration. See, e.g., Songstad et al. (1988); Rao et al. 
(1986); and Conger et al. (1987), the disclosures of which 
arc incorporated herein by reference. Regenerable cultures 
may be initialed from immature embryos as described in 
PCT publication WO 95/06128, the disclosure of which is 
incorporated herein by reference. 

Briefly, by way of example, to regenerate a plant of this 
invention, cells are selected following growth in culture. 
Where employed, cultured cells are preferably grown either 
on solid supports or in the form of liquid suspensions as set 
forth above. In either instance, nutrients are provided to tin 
cells in the form of media, and environmental conditions art 
controlled. There are many types of tissue culture media 
comprising amino acids, salts, sugars, hormones and vita- 
mins. Most of the media employed to regenerate inbred and 
hybrid plants have some similar components, the media 
differ in the composition and proportions of their ingredients 
depending on the particular application envisioned. For 
example, various cell types usually grow in more than one 
type of media, but exhibit different growth rates and differ- 
ent morphologies, depending on the growth media. In some 
media, cells survive but do not divide. Various types of 
media suitable for culture of plant cells have been previously 
described and discussed above. 

An exemplary embodiment for culturing recipient corn 
cells in suspension cultures includes using embryogenic 
cells in Type 11 (Armstrong & Green, 1985; (Gordon-Kamm 
ct al., 1990) callus, selecting for small (10 lo 30 m) 
isodiamelric, cytoplasmically dense cells, growing the cells 
in suspension cultures with hormone containing media, 
subculturing into a progression of media to facilitate devel- 
opment of shoots and roots, and finally, hardening the plant 
and readying it metabolically for growth in soil. 

Meristemalic cells (i.e., plant cells capable of continual 
cell division and characterized by an undifferentiated cyto- 
logical appearance, normally found al growing points or 
tissues in plants such as root tips, stem apices, lateral buds, 
etc.) can be cultured. 

Embryogenic calli are produced essentially as described 
in PCT Pubb'cation WO 95/06128. Specifically, inbred 
plants or plants from hybrids produced from crossing an 
inbred of the present invention with another inbred are 
grown to flowering in a greenhouse. Explants from at least 
one of the following F 3 tissues: the immature tassel tissue, 
intercalary meristems and leaf bases, apical meristems, 
immature ears and immature embryos are placed in an 
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initiation medium which coniain MS salts, supplemented 
with thiamine, agar, and sucrose. Cultures are incubated in 
the dark at about 23° C All culture manipulations and 
selections are performed with the aid of a dissecting micro- 
scope. 

After about 5 to 7 days, cellular outgrowths are observed 
from the surface of the explanls. After about 7 to 21 days, tht 
outgrowths are subcultured by placing them into fresh 
medium of the same composition. Some of the intact imma- 
ture embryo explanls are placed on fresh medium. Several 
subcultures later (after about 2 to 3 months) enough material 
is present from explants for subdivision of these embryo- 
genic calli into two or more pieces. 

Callus pieces from different explanls are not mixed. Altei 
further growth and subculture (about 6 months after embryo- 
genie callus initiation), there are usually between 1 and 100 
pieces derived ultimately from each selected explant. During 
this time of culture expansion, a characteristic embryogenic 
culture morphology develops as a result of careful selection 
at each subculture. Any organized structures resembling 
roots or root primordia are discarded. Material known from 
experience to lack the capacity for sustained growth is also 
discarded (translucent, watery, embryogenic structures). 
Structures with a firm consistency resembling at least in part 
the scuielura of the in vivo embryo are selected. 

The callus is maintained on agar-solidified MS or No-type 
media. A preferred hormone is 2,4-D. A second preferred 
hormone is dicamba. Visual selection of embryo -like struc- 
tures is done to obtain subcultures. Transfer of material other 
than that displaying embryogenic morphology results in loss 
of the ability to recover whole plants from the callus. 

Cell suspensions are prepared from the calli by selecting 
cell populations thai appear homogeneous macroscopically. 
A portion of the friable, rapidly growing embryogenic calli 
is inoculated into MS or N6 Medium containing 2,4-D or 
dicamba. The calli in medium are incubated at about 27° C. 
on a gyrolary shaker in the dark or in the presence of low 
light. The resultant suspension culture is transferred about 
once every three to seven days, preferably every three to 
four days, by taking about 5 to 10 ml of the culture and 
introducing this inoculum into fresh medium of the compo- 
sition listed above. 

For regeneration, embryos which appear on the callus 
surface are selected and regenerated into whole plants by 
transferring the embryogenic structure, into a sequence of 
solidified media which include decreasing concentrations of 
2,4-D or other auxins. Other hormones which can be used in 
culture media include dicamba, NAA, ABA, BAP, and 
2-NCA. The reduction is relative to the concentration used 
in culture maintenance media. Plantlets are regenerated from 
these embryos by transfer to a hormone -free medium, sub- 
sequently transferred to soil, and grown to maturity. 

Pfogeny are produced by taking pollen and selfing, back- 
crossing or sibling regenerated plants by methods well 
known to those skilled in the arts. Seeds are collected from 
the regenerated plants. 

X. PROCESSES OF PREPARING CORN PLANTS AND 
THE CORN PLANTS PRODUCED BY SUCH CROSSES 
The present invention also provides a process of preparing 
a novel corn plant and a corn plant produced by such a 
process. In accordance with such a process, a first parent 
corn plant is crossed with a second parent corn plant wherein 
at least one of the first and second corn plants is the inbred 
corn plan! 87D1A4. In one embodiment, a corn plant pre- 
pared by such a process is a first generation F, hybrid corn 
plant prepared by a process wherein both the first arid second 
parent corn plants are inbred corn plants. 



6,145 

28 

Corn plants (Zea nxays I.) can be crossed by cither natural 
or mechanical techniques. Natural pollination occurs in corn 
when wind blows pollen from the tassels to the silks that 
protrude from the tops of the incipient cars. Mechanical 
5 pollination can be effected either by controlling the types of 
pollen that can blow onto the silks or by pollinating by hand. 

In a preferred embodiment, crossing comprises the steps 
of: 

(a) planting in pollinating proximity seeds of a first and a 
10 second parent corn plant, and preferably, seeds of a first 

inbred corn plant and a second, distinct inbred corn 
plant; 

(b) cultivating or crowing the seeds of the first and second 
parent corn plants into plants that bear flowers; 

J " (c) emasculating flowers of either the first or second 
parent corn plant, i.e., treating the flowers so as to 
prevent pollen production, in order to produce an 
emasculated parent corn plant; 
20 (d) allowing natural cross-pollination to occur between 
the first and second parent corn plant; 

(e) harvesting seeds produced on the emasculated parent 
corn plant; and, where desired, 

(f) growing the harvested seed into a corn plant, or 
25 preferably, a hybrid corn plant. 

Parental plants are planted in pollinating proximity to 
each other by planting the parental plants in alternating 
rows, in blocks or in any other convenient planting pattern: 
Plants of both parental parents are cultivated and allowed to 
30 grow until the time of flowering. Advantageously, during 
this growth stage, plants are in general treated with fertilizer 
and, or other agricultural chemicals as considered appropri- 
ate by the grower. 

At the lime of flowering, in the event that plant 87D1A4, 
35 is employed as the male parent, the tassels of the other 
parental plant are removed from all plants employed as the 
female parental plant. The detasseling can be achieved 
manually but also can be done by machine, if desired. 
The plants are then allowed to continue to grow and 
40 natural cross- pollination occurs as a result of the action of 
wind, which is normal in the pollination of grasses, includ- 
ing corn. As a result of the emasculation of the female parent 
plant, all the pollen from the male parent plant 87DIA4 is 
available for pollination because tassels, and thereby pollen 
45 bearing flowering parts, have been previously removed from 
all plants of the inbred plant being used as the female in the 
hybridization. Of course, during this hybridization 
procedure, the parental varieties are grown such that they arc 
isolated from other corn fields to minimize or prevent my 
50 accidental contamination of pollen from foreign sources. 
These isolation techniques arc well within the skill of those 
skilled in this art. 

Both parental inbred plants of corn may be allowed to 
continue to grow until maturity or the male rows may be 
55 destroyed after flowering is complete. Only the ears from the 
female inbred parental plants are harvested to obtain seeds 
of a novel F, hybrid. The novel Fj hybrid seed produced can 
then be planted in a subsequent growing season with tht 
desirable characteristics in terms of F, hybrid com plants 
60 providing improved grain yields and the other desirable 
characteristics disclosed herein, being achieved. 

Alternatively, in another embodiment, both first and sec- 
ond parent corn plants can come from the same inbred com 
plant, i.e., from the inbred designated 87D1A4. Thus, any 
65 corn plant produced using a process of the present invention 
and inbred com plant 87D1A4, is contemplated by this 
invention. As used herein, crossing can mean selfing. 
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backcrossing, crossing to another or the same inbred, cross- A selection index of the most commercially important trail- 
ing io populations, and the bice. All corn plants produced is used to help evaluate hybrids. FACT, an acronym for Field 
using the present inbred corn plant 87D1A4 as a parent are Analysis Comparison Trial (strip trials), is an on-farm test- 
within the scope of this invention, ing program employed by DEKALB Plant Genetics to 
The utility of the inbred plant 87D1A4 also extends to 5 perform the final evaluation of the commercial potential of 
crosses with other species. Commonly, suitable species will a pro duct. 

be of the family Graminaceae, and especially of the genera During the next several years, a progressive elimination 

Zca, Tripsacum, Coix, Schlerachne, Polytoca, Chionachne, Q f- hybrids occurs based on more detailed evaluation of their 

and Trilobachne, of the tribe Maydcae. Of these, Zea and phenotypc. Eventually, strip trials (FACT) are conducted to 

Tripsacum, are most preferred. Potentially suitable for 10 f ormally compare the experimental hybrids being developed 

crosses with 87D1A4 can be the various varieties of grain ^ mher hy5rids> some of whicn were previously devel- 

sorghum, Sorghum bicolor (L.) Moench. Qped and pencra | ly arc commercially successful. That is ? 

A. F, HYBRID CORN PLANT AND SEED PRODUC- com p anS ons of experimental hybrids are made to compel.- 

TION live hvbrids to determine if there was any advantage to 

Where the inbred com plant 87D1A4 is crossed with i- fur(hcr commercial development of the experimental 

another, different, corn inbred, a first generation (F,) corn h ^ rids Examples of such comparisons are presented in 

hybrid plant is produced. Both a F 3 hybrid corn plant and a hcreinbc|ow . 

seed of that F, hybrid com plant are contemplated as aspects WhcD ^ ^ g?D]A4 ^ ^ 

of the P rc ^"\ ,n ^ nll ° n - . . Arn 20 another inbred plant to yield a hybrid (such as the hybrici 

Inbred 87D1 A4 has been used to prepare an F, hybnd corn ^ JP . ^ ^ ^ ^ ^ ^ ^ 

7™oi produang an F 3 hybrid is to nal or paternal planter many crosses, the outcome is in, 

. t " p , ,„,l m J„/ n mi,n™ same regardless of the assigned. sex of ihe parental plants, 
mantpulate the geneuc cot^lemeo < oU »™ » However, there is often one of the parental plan* .ha. is 

comb.nauons of genes wrucb «0 y*ld new. o . raatefnai 1^ ^ 

unproved trans fefacno typtc ^ra««^) A P oc«* of P produclion cbara P c , cri s,ics. Some plants produce 

produong an J . ^ ^ TT^^^ia are^ D«Khfc«l by leading to more loss, for examp.e due to 

of one or more tnbred plants. Tlx** 1^"* »« P™«° g ro ,. There can be delays in silk forma.ion which deleter,- 

reoeatedcrossincof ancestrally related corn plants to try ana # . - 

concentrate certain genes within .be inbred plants. Tbe °usly t.m.ng of the reproduce cycle for a pa. of 
P rod U c.ion of inbred 87D1A4 has been set forth hereinbe- 30 parental mbreds. Seed coat character*,, cs can be preferable 

priiuucuuii ui iiiu . n onc pJant p ollen can be she(J bdc- D y one p ) a ni. Other 

Corn has a diploid phase which means two conditions of variables can also affect preferred sexual ass.pnment ol * 

a cene (two alleles) occupy each locus (position on a particular cross, 

chromosome). If the alleles are the same at a locus, there is B. F, HYBRID COMPARISONS 

said to be homozygosity. If they are different, there is said ^ As mentioned in Section A, hybrids are progressively 

to be heterozygosity. In a completely inbred plant, all loci eliminated following detailed evaluations of their 

are homozygous Because many loci when homozygous are phenotypc, including formal comparisons with other com- 

deleierious to the plant, in particular leading to reduced mercially successful hybrids. Strip trials are used to compart 

vigor less kernels weak and/or poor growth, produclion of the phenotypes of hybrids grown in as many environments 

inbred plants is an unpredictable and arduous process. Under 40 as possible. They are performed in many environments to 

some conditions heterozygous advantage at some loci effec- assess overall performance of the new hybrids and io scleci 

lively bars perpetuation of homozygosity. optimum growing conditions. Because the corn is grown in 

Inbreeding requires coddling and sophisticated manipu- close proximity, environmental factors that affect gene 

lation by human breeders. Even in the extremely unlikely expression, such as moisture, temperature, sunlight and 

event inbreeding rather than crossbreeding occurred in natu- 4 * pests, are minimized. For a decision to be made that a hybrid 

ral corn achievement of complete inbreeding cannot be is worth making commercially available, it is not necessary 

expecied in nature due to well known deleterious effects of that the hybrid be belter than all other hybrids. Rather, 

homozygosity and the large number of generations the plant significant improvements must be shown in at least some, 

would have to breed in isolation. The reason for the breeder traits lhat would create improvements in some niches, 

to crcale inbred plants is to have a known reservoir of genes 50 Examples of such comparative data are set forth herein- 

whose eametic transmission is at least somewhat predict- below in Table 6, which presents a comparison of pcrfor- 

aWc & mance data for the hybrid 4033843, a hybnd made wnh 

3 The development of inbred plants generally requires at 87D1A4 as one parent, versus a selected hybrid of commcr- 

least about 5 to 7 generations of selfing. Inbred plants axe cial value (DK442). 

then cross-bred in an attempt to develop improved V x 55 All the data in Table 6 represents results across years and 

hybrids Hybrids are then screened and evaluated in small locations for research and/or strip trials. The "NTEST* 

scale field trials Typically, about 10 to 15 phenotypic traits, represents the number of paired observations in designated 

selected for their potential commercial value, are measured. tests at locations around tbe United States. 

TABLE 6 



COMPARATIVE DATA FOR 4033843 


HYBRID 


SI YLD MST STL RTL 
NTEST *C BU PTS * * 


DRP 


FLSTD 
°jo M 


SV 
RAT 
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TABLE 6-con»inued 



COMPARATIVE DATA FOR 4033843 



4033843 

DK442 

DEV 


R93 


110.3 
99.0 
11.3" 


J56.5 
347.7 
8.6" 


19.9 
I9.f 
0.3 


5.2 
7.1 
-3.9- 


1.4 
- -3.8 


0.1 
0.1 
0.0 


101 .0 
100.9 
0.2 


4.J 
4.1 
-0.1 


HYBRID 


NTEST 


ELSTD 
% M 


PHT 
INCH 


EHT 
INCH 


BAR 

% 


SO 
RAT 


TST 
LBS 


FGDU 


ESTR 
DAYS 


4033843 

DK442 

DEV 


R93 


104.4 
102.9 


89.8 
90.2 

-0.4 


40.9 
43.9 
-3.0- 




5.0 
3.1 
3.8" 


54.2 
53.4 
0.8" 


3214.0 
1251.0 
-36.9" 


94.0 
93.9 
0.1 



Significance levels art indicated as: 

♦ - 10 percent, 

• - 5 percent, 
•• - 1 percent. 

LEGEND ABBREVIATIONS: 

HYBD - Hybrid 

TEST - Rcsearch/FACT 

SI % C - Selection Index (percent of check; 

YLD BU - Yield (bushels/acre) 

MST PTS - Moisture 

STL % - Stalk Lodging (percent) 

RTL % - Root Lodging (percent) 

DRP % - Dropped Ears (percent) 

FLSTD % M - Final Stand (percent of test mean) 

SV RAT - Seedling Vigor Rating 

ELSTD M - Early Stood (percent of test mean) 

PHT INCH - Plant Height (inches) 

EHT INCH - Ear Height (inches) 

BAR * - Barren Plants (percent) 

SG RAT - Staygreen Rating 

TST LBS - Test Weight (pounds) 

FGDU - GDUs to Shed 

ESTR DAYS - Estimated Relative Maiuriu 

(days) 



As can be seen in Table 6, the hybrid 4033843 has 35 
significantly higher yield with comparable moisiure content 
when compared to a successful commercial hybrid. Signifi- 
cant differences are also shown in Table 6 for many other 
traits. 

C PHYSICAL DESCRIPTION OF F, HYBRIDS 
The present invention also provides F, hybrid corn plants 
derived from the com plant 87DIA4. Physical characteristics 
of exemplary hybrids are set forth in Table 7, which con- 
cerns 4033843, which has 87D1 A4 as one inbred parent. An 
explanation of terms used in Table 7 can be found in the 
Definitions, set forth herein above. 



TABLE 7-conlinued 



TABLE 7 



MORPHOLOGICAL TRAITS FOR 
THE 4033843 PHENOTYPE 
YEAR OF DATA: 3996 



CHARACTERISTIC 



VALUE 



STALK 

Diameter (width) cm 

Antbocyanin 

Nodes with Brace Roots 

Brace Root Cok>i 

Intcroode Direction 

I Die r node Length on. 

LEAF 

Color 

Length cm. 
Width cm. 
Sheath Anthocvanin 
Sheath Pubescence 
Marginal Waves 
Longitudinal Creases 



2.6 

Absent 

1.5 

Red 

Straight 

16,0 

Med Green 

79.9 

10.7 

Absent 

Medium 

Medium 

Few 



40 



45 



50 



55 



60 
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MORPHOLOGICAL TRAITS FOR 
THE 4033843 PHENOTYPE 
YEAR OF DATA: 3996 

CHARACTERISTIC VALUE 


3. 


TASSEL 






Attitude 


Compact 




Length cm. 


48.1 




Spike Length cm. 


27.4 




Peduncle Length cm. 


3Z3 




Branch Number 


7.5 




Anther Color 


Red 




Glume Color 


Purple 




Glume Band 


Absent 


4. 


EAR 






Silk Color * 


Tan 




Number Per Stalk 


1.3 




Position (altitude) 


Upright 




Length cm. 


20.7 




Shape 


Scmi-conicai 




Diameter cm. 


4.7 




Weight gm. 


222.8 




Shank Length cm. 


18.7 




Husk Bract 


Short 




Husk Opening 


Open 




Husk Color Fresh 


Green 




Husk Color Dry 


Buff 




Cob Diameter cm. 


2.4 




Cob Color 


Red 




Shelling Percent 


88.6 


5. 


KERNEL 






Row Number 


15.4 




Number Per row 


416 




Row Direction 


Straight 




Type 


Dent 



3/2/05, EAST Version: 2.0.1.4 



5,936,145. 



33 



TABLE 7 -continued 
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MORPHOLOGICAL TRAITS FOR 
THE 4033843 PHENOTYPE 
YEAR OF DATA: 1996 



CHARACTERISTIC 



VALUE 



Cap Col oi 


Yellow- 


Side Colot 


Deep Yellov 


Lcnjrth (depth) mrr. 


12.0 


Width mm. 


7.9 


Thick nes* 


4.1 


Weight of 1000K gm. 


307.0 


Endosperm Typ* 


Normal 


Endosperm Coloi 


Yellow 



10 



35 



20 



25 



•These ore typical values. Values may vary due to environment. Other value* 
that arc substantially equivalent arc also within the scope of the invention. 
Substantially equivalent refers to quantitative trails that when compared do 
not show statistical differences of theii mean*. 

XI. GENETIC COMPLEMENTS 

In another aspect, the present invention provides a genetic 
complement of a plant of this invention. In one embodiment, 
therefore, the present invention contemplates an inbred 
genetic complement of the inbred com plant designated 
87D1A4. In another embodiment, the present invention 
contemplates a hybrid genetic complement formed by the 
combination of a haploid genetic complement from 87DIA4 
and another haploid genetic complement. Means for deter- 
mining a genetic complement are well-known in the art. 

As used herein, the phrase -genetic complement" means 
an aggregate of nucleotide sequences, the expression of 30 
which sequences defines the phenotype of a corn plant or a 
cell or tissue of that plant. By way of example, a corn plant 
is genotyped to determine the array of the inherited markers 
it possesses. Markers are alleles at a single locus. They are 
preferably inherited in codominant fashion so thai the pres- 
ence of both alleles at a diploid locus is readily detectable, 
and they are free of environmental variation, i.e., their 
heritability is 1. This genotyping is preferably performed on 
at least one generation of the descendant plant for which the 
numerical value of the quantitative trait or traits of interest 
are also determined. The array of single locus genotypes is 
expressed as a profile of marker alleles, two at each locus. 
The marker allelic composition of each locus can be either 
homozygous or heterozygous. Homozygosity is a condition 
where both alleles at a locus are characterized by the same 
nucleotide sequence. Heterozygosity refers to different con- 
ditions of the gene at a locus. Markers that are used for 
purposes of this invention include restriction fragment 
length polymorphisms (RFLPs) and isozymes. 

A plant genetic complement can be defined by genetic 
marker profiles that can be considered "fingerprints'* of a 
genetic complement. For purposes of this invention, markers 
are preferably distributed evenly throughout the genome to 
increase the likelihood they will be near a quantitative trait 
loci (QTL) of interest (e.g., in tomatoes, Helcntjaris et ah, 
U.S. Pat. No. 5,385,835, Nienhuis el ah, 1987). These 
profiles arc partial projections of a sample of genes. One of 
the uses of markers in general is to exclude, or alternatively 
include, potential parents as contributing to offspring. 

Phenotypic traits characteristic of the expression of a 
genetic complement of this invention are distinguishable by 
electrophoretic separation of DNA sequences cleaved by 
various restriction endonucleases. Those traits (genetic 
markers) are termed RFLPs (restriction fragment length 
polymorphisms). 

Restriction fragment length polymorphisms (RFLPs) are 
genetic differences detectable by DNA fragment lengths, 



35 



40 



45 



50 



55 



typically revealed by agarose gel electrophoresis, afier 
restriction endonuclease digestion of DNA. There arc large 
numbers of restriction endonucleases available, character- 
ized by their nucleotide cleavage sites and their source, e.g., 
Eco Rl. Variations in RFLPs result from nucleotide base pair 
differences which alter the cleavage sites of the restriction 
endonucleases, yielding different sized fragments. 

Means for performing RFLP analyses are well known in 
Ihe art. Resiriction fragment length polymorphism analyses 
rcporled herein were conducted by Linkage Genetics. This 
service is available to the public on a contraciual basis. 
Probes were prepared to ihe fragment sequences, these 
probes being complementary to the sequences thereby being 
capable of hybridizing to them under appropriate conditions 
well known to those „killed in the art. These probes were 
labeled with radioactive isotopes or fluorescent dyes lor ease 
of detection. After the fragments were separated by size, 
they were identified by the probes. Hybridization with a 
unique cloned sequence permits the identification of a 
specific chromosomal region (locus). Because all alleles ai 
a locus arc detectable, RFLPs are codominant alleles, 
thereby satisfying a criteria for a genetic marker. They differ 
from some other types of markers, e.g., from isozymes, in 
that they reflect the primary DNA sequence, they are not 
products of transcription or translation. Furthermore, differ- 
ent RFLP genetic marker profiles result from different arrays 
of restriction endonucleases. 

The RFLP genetic marker profile of each of the parental 
inbreds and exemplary resultant hybrids were determined. 
Because an inbred is essentially homozygous at all rclcvani 
loci, an inbred should, in almost all cases, have only one 
allele at each locus. In contrast, a diploid genetic marker 
profile of a hybrid should be Ihe sum of those parents, e.g., 
if one inbred parent had the allele A at a particular locus, and 
the other inbred parent had B, the hybrid is AB by inference. 
Subsequent generations of progeny produced by selection 
and breeding are anticipated to be of genotype A, B, or AB 
for that locus position. When the Fl plant is used to produce 
an inbred, the locus should be either A or B for that position. 
Surprisingly, it has been observed that in certain instances, 
novel RFLP genotypes arise during the breeding process. 
For example, a genotype of C is observed at a particular 
locus position from the croSs of parental inbreds with A and 
B at that locus. Such a novel RFLP genotype is observed for 
the 87DIA4, at least, for the RFLP markers M5213S and 
M8B2369S, as shown inTable 8. These novel RFLP markers 
further define the 87D1A4 inbred from the parental inbreds 
from which it was derived. An RFLP genetic marker profile 
of 87D1A4 is presented in Table 8. 



TABLE 8 
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RFLP PROFILE OF S7D1A4 






PROBE/ENZYME 


87DIA4 


2FACC 


3A2AI 


AQA3 


M0264H 


D 


O 


G 


t) 


M0306H 


A 


A 




A 


M0445E 


C 


B 


B 


C 


M1120S 


F 




D 


F 


M1234H 


D 


D 


E 


E 


M1236H 


A 


A 




A 


M1238H 


A 


A 


F. 


K 


M1401E 


C 


C 


C 


A 


M1406H 


A 




B 


B 


M1447H 


B 


B 


E 


B 


M1B725E 


B 


B 


C 


C 


M2239H 


A 


A 


C 


C 


M2297H 


A 


A 


E 


A 
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TABLE 8-coniinued 



RFLP PROFILE OF 87DIA4 






PROBE/ENZYME 


87DIA4 


2FACC 


3A2A1 


A0A3 


M2298E 


C 


B 


C 


C 


M2402H 


E 


E 


E 


E 


M3212S 


A 


A 


B 


A 


M3247E 


D 


B 


D 


D 


M3257S 


B 


B 


B 


B 


M3296H 


D 


A 


D 


D 


M3432H 


A 


1 


A 


A 


M3446S 


c 


B 


C 


C 


M3457E 


E 


E 


E 


E 


M4386H 


B 


B 


A 


A 


M4396H 


H 


H 


F 


F 


M4444H 


B 


B 


A 


A 


M4UMC19H 


A 


A 


A 


A 


M4UMC31S 


D 


A 


B 


D 


M5213S 


B 


A 


B 


A 


M5295E 


C 


D 


C 


c 


M54D8H 


A 


A 


A 


A 


M5579S 


B 


B 


B 


B 


M5UMC95H 


A 


A 


B 


B 


M6223E 


C 


C 


C 


C 


M6252H 


D 


— 


D 


E 


M6280H 


E 


E 


A 


A 


M6373E 


A 


E 


A 


A 


M7263E 


A 


C 


A 


A 


M7391H 


c 


C 


A 


A 


M7392S 


C 


c 


B 


C 


M7455H 


A 


A 


c 


c 


M8U0S 


C 


C 


C 


C 


M81J4E 


B 


B 


E 


E 


M8268H 


B 


B 


B 


B 


M8585H 


A 


A 


A 


A 


M8B2369S 


B 


D 


B 


D 


M8UMC48E 


C 


c 


C 


C 


M9209E 


C 


C 


A 


A 


M9266S 


A 


A 


C 


c 


M9B733S 


A 


A 


B 


B 


M2UMC34H 


D 


D 


D 




M6UMC85H 


A 


A 


A 




M9UMC94H 


E 


E 


B 




M3UM121X 


C 


C 


C 




MOUMC330 


C 


H 







-Probes used lo delect RFLPs are from Linkage Genetics, 1515 West 2200 



South, Suite C, Salt Lake Gty, Utah 84119. 

Another aspect of this invention is a plant genetic comple- 
ment characterized by a genetic isozyme typing profile. 
Isozymes arc forms of proteins that are distinguishable, for 
example, on starch gel electrophoresis, usually by charge 
and/or molecular weight. The techniques and nomenclature 
for isozyme analysis are described in, Stuber et al. (1988), 
which is incorporated by reference. 

A standard set of loci can be used as a reference set. 
Comparative analysis of these loci is used to compare the 
purity of hybrid seeds, to assess the increased variability in 
hybrids compared to inbreds, and to determine the identity 
of seeds, plants, and plant parts. In this respect, an isozyme 
reference set can be used to develop genotypic "finger- 
prints/* 

Table 9 lists the identifying numbers of the alleles at 
isozyme loci types, and represents the exemplary genetic 
isozyme typing profile for 87D1A4. 



TABLE 9 

ISOZYME PROFILE OF 87D1A4 



ISOZYME ALLELE 



20 



LOCUS 


87DIA4 


2FACC 


3AZA1 


aOa.- 


Acphl 






4 


£. 


Adfal 




4 


4 


A 


Cat3 


9 


9 


9 


9 


Goll 


c 


4 


4 


4 


Got? 


c 


4 


4 




Got3 


c 


4 


4 


4 


Idhl 


£. 


4 


4 




Idh2 


f» 


t) 


6 


t- 


Mdbl 


6 


6 


6* 


6 


Mdh2 . 


5.5 


3.5 


6 




Mdh3 


U 


16 


16 


16 


MdM 


i: 


n 


12 


12 


Mdh5 


j: 


i: 


i: 


12 


Fgml 


t. 


9 


9 


9 


Pgrn2 




4 


4 




6Pgdl 






3.S 




6Pgd2 


5 


5 


5 


5 


Phil 




4 


4 


5 



•Allele is probably a 6. but null cannot be ruled oui. 



25 The present invention also coniemplates a hybrid genetic 
complement formed by the combination of a haploid genetic 
complement of the corn plant 87DIA4 with a haploid genetic 
complement of a second corn plant. Means for combining a 
haploid genetic complement from the foregoing inbred with 

30 another haploid genetic complement can be any method 
hereinbefore for producing a hybrid plant from 87D1A4. It 
is also contemplated that a hybrid genetic complement can 
be prepared using in vitro regeneration of a tissue culture of 
a hybrid plant of this invention. 

35 A hybrid genetic complement contained in the seed of a 
hybrid derived from 87D1A4 is a further aspect of this 
invention. Exemplary hybrid genetic complements are the 
genetic complements of the hybrid 4033843. 

Table 10 shows the identifying numbers of the alleles for 

40 the hybrid 4033843, which are exemplary RFLP genetic 
marker profiles for hybrids derived from the inbred of the 
present invention. Tabic 10 concerns 4033843, which has 
87DIA4 as one inbred parent. 



TABLE 10 

RFLP PROFILE FOR 4033343 



55 



60 



Probe/Enzyme Combination 


Allelic Pair 


M0264H 


DH 


M0306H 


AA 


M0445E 


BC 


M1120S 


EF 


M1234H 


AD 


M1238H 


AE 


M1401E 


AC 


M1406H 


AB 


M1447H 


BB 


M1B725E 


BB 


M2239H 


AD 


M2297H 


AC 


M2298E 


cc 


M2402H 


EE 


M3232S 


AC 


M3257S 


AB 


M3296H 


CD 


M3432H 


AA 


M3446S 


CF 


M3457E 


EE 


M4386H 


BD 
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TABLE lO-continued 



RFLP PROFILE FOP 403384? 
Probe/Enzyme Combination 



Allelic Pair 



M4396E 

M4444H 

M4UM09H 

KMUMC31S 

M5213S 

M5408H 

M6223E 

M6252H 

M6280H 

M6373E 

M7263E 

M7391H 

M7392S 

M7455H 
M8110S 

M8114E 

M8266H 

M8585H 

M8B2369S 

M8UMC48E 

M9209E 

M9266S 

M9D713S 

M2UMC34H 

M9UMC94H 

M3UM121X 

M0UMO30 



HH 

AB 

AA 

AD 

AB 

AA 

BC 

AD 

EG 

AE 

AA 

AC 

AC 

AB 

AC 

BB 

BL 

AB 

BB 

CC 

AC 

AA 

AA 

DF 

EE 

CD 

CC 



10 



15 



20 



25 



-Probes used to detect RFLPs arc from linkage Genetic*, 3515 West 2200 
South, Suite C, Salt Lake City, Utah 84119. 

The exemplary hybrid genetic complements of hybrid 
4033843 may also be assessed by genetic isozyme typing 
profiles using a standard set of loci as a reference, set, using, 
e.g., the same, or a different, set of loci to those described 
above. Table 11 lists the identifying numbers of the alleles 
at isozyme loci types and presents the exemplary genetic 
isozyme typing profile for the hybrid 4033843, which is an 
exemplary hybrid derived from Ibc inbred of the present 
invention. Table 11 concerns 4033843, which has 87D1A4 as 
one inbred parent. 



TABLE 11 



ISOZYME GENOTYPE FOR 
HYBRID 4033843 



LOCUS 



ISOZYME ALLELES 



AcpM 


2 


Adhl 


4 


Cat3 


9 


Got! 


4 


Got2 


4 


Got3 


4 


Idhl 


4 


Idh2 


6 


Mdhl 


6 


Mdh2 


3.5 


Mdh3 


16 


Mdh4 


12 


Mdh5 


12 


PgmJ 


9 


Pgm2 


4 


6-Pgdl 


3.8 


6-Pgd2 


5 


Phil 


4 



All of the compositions and methods disclosed and 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 
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described in terms of the foregoing illustrative 
embodiments, it will be apparent to those of skill in the an 

that variations, changes, modifications and alterations may 

be applied to the composition, methods, and in the sieps or 
5 in the sequence of steps of the methods described herein, 

without departing, from the true concept, spirit and scope of 

the invention. More specifically, it will be apparent thai 
certain agents that are both chemically and physiologically 
related may be substituted for the agents described herein 
while the same or similar results would be achieved. All 
such similar substitutes and modifications apparent lo those 
skilled in the art are deemed to be within the spirit, scope and 
concept of the invention as defined by the appended claims. 
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Derived Maize Callus." Theoretical and Applied 20. TTic inbred corn plant of claim 18 having a genetic 

Genetics, 77:889-892, 1989. isozyme typing profile in accordance with the profile shown 

What is claimed is: - in Table 9. 

1. Inbred corn seed of the com plant designated 87D1A4, j\ m The inbred com plant of claim 18, having an RFLP 

a sample of the seed of said con) plan! having been deposited 5 genctic marker pro fii e and a genetic isozyme typing profile 

under ATCC Accession No 203192 accordance with the profiles shown in Tables 3 and 9. 

J^^^^X^^^ 22 . Apr „cesso f p ? an ngr nsec d co m p risiDe c r oss iT 

designated 87D1A4. a P aren! cora P lanl Wlln a SCCOnd P arenl oorn p,anI ' 

3 The inbred corn seed of claim 1. further defined as J(J wherein said first or second corn plant is the inbred com 

essentially free from hybrid seed. plant 87DIA4, a sample of the seed of said com plant having 

4. An inbred corn plant produced by growing the seed of becn deposited under ATCC Accession No. 203192, wherein 
an inbred corn plant designated 87D1A4, a sample of the scc(J fa allowcd to f onT1 

seed of said corn plant having been deposited under ATCC ^ ^ prQcess of claim 22, further defined as a process 

Accession No. 203192. 35 Qf prC p ar j n g hybrid com seed, comprising crossing a first 

5. Pollen of the plant of claim 4. ^ ( ^ a secondj dislinct inbrcd com p!anl> 

^e^^^ Pla-s wherein said first or second corn plant is, he inbred corn 

produce growing the seed of an inbred corn plant plant 87D1A4, a sample of the seed of said corr ' plant ha^ng 

designated 87D1 A4, a sample of the seed of said corn planl 2Q been deposited under ATCC Accession No. 203192. 

having been deposited under ATCC Accession No. 203192. 24. The process of claim 23. wherein crossing comprises 

8. A com plant having all the physiological and morpbo- lhc s i eps Q f : 

logical characteristics of corn plant 87D1 A4, a sample of the planting in pollinating proximity seeds of said first and 

seed of said corn planl having been deposited under ATCC cQm phn|s; 

Accession No. 203192 ^ mn ^: no a rvlo 25 (b) cultivating the seeds of said first and second inbred 

9. The com plant of claim 8, further comprising a cylo- w <- & « 

V , r f ■ . of -k, v corn plants into plants that bear nowers, 

plasmic factor conferring male stenlity. * r 

10. A tissue culture of regenerable cells of inbred corn ( c ) emasculating the male flowers of said first or second 
plaint 87DIA4, wherein the tissue regenerates plants having inbred com planl to produce an emasculated com plant; 
all the physiological and morphological characteristics of ^ ^ allowing cross-pollination to occur between said firsl 
corn plant 87D1A4, a sample of the seed of said com plant ^ sccond inbrC(J cm planls; and 

having been deposited under ATCC A ^ io ^J^ r ^ (c) harvesting seeds produced on said emasculated corn 

11 The tissue culture of claim 10, wherein the regenerable 1 , 

cells are ^ b ^ t ^^^^^^J^ 25^' process of claim 24. further comprising growing 

12 A com plant regenerated from the tissue culture of 26. Hybrid corn seed produced by the process of claim 23. 
claim 10, having all the physiological and morphological 27. A hybrid corn plant produced by the process of claim 
characteristics of corn plant 87DIA4, a sample of the seed of 25. 

said cora planl having been deposited under ATCC Acces- 4Q 28. The hybrid corn planl of claim 27, wherein the plant 

sion No. 203192. is a first generation (F,) hybrid corn plant. 

13. An inbred cora plant cell of the cora plant of claim 4 29. The corn plant of claim 8, further comprising a single 
having: g c " c conversion. 

(a) an RFLP genetic marker profile in accordance with the 30. The corn plant of claim 29, wherein the single gene 
profile shown in Table 8; or 45 was stably inserted inio a corn genome by transformation. 

(b) a genetic isozyme typing profile in accordance with 31. The single gene conversion of the cora plant of claim 
the profile shown in Table 9. 29, where the gene is a dominant allele. 

14. The inbred cora plant cell of claim 13, having an 32. The single gene conversion of the cora plant of claim 
RFLP genetic marker profile in accordance with the profile 2 9, where the gene is a recessive allele. 

shown in Table 8. 50 33, The single gene conversion corn plant of claim 29, 

15. The inbred corn plant cell of claim 13, having a w ^ ctc the gene confers herbicide resistance. 

genetic isozyme typing profile in accordance with the profile 34. The single gene conversion of the com plant of claim 

shown in Table 9. 29, where the gene confers insect resistance. 

16. The inbred com plant cell of claim 13, having an ^ ^ &enc a)nversjun of lhc mrT1 p i anl n f c | a j m 
RFLP genetic marker profile and a genetic isozyme typing 55 whcrcthc p Cnc confers resistance to bacterial, fungal, or 
profile in accordance with the profiles shown in Tables 8 and ^ disease . 

9- j 36 The sinele oene conversion of the com planl of claim 

17. Tbe inbred com plan, cell of dam, 13. located wulnn » £ ^ ^ ^ 

* Tfi'i^l plan, of claim 4 having: „ *»• ™< ^ *«" - nversioD « ^ P hn « ° f daim 

jo. ine inorcu cuiu y> e 29. where Ihe gene confers waxy starch. 

(a) an RFLP genetic marker profile m accordance w.th the ^ ^ ^ ^ convefsioD rf , he com p)an| of claim 

profile shown in Table 8; or 2 9, where the gene confers improved nutritional quality. 

(b) a genetic isozyme typing profile in accordance *.ln ^ ^ ^ convers ion of the corn plant of claim 

»%K£JS: claim 18. having an RFLP * 29, where the gene confers enhanced yield stability, 

genetic marker profile in accordance with the profile shown , . , . , 
in Table 8. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,936,145 Pa S e 1 of 6 

DATED : August 10, 1999 

INVENTOR{S) : Peter J. Bradbury 

H is certified that error appear* in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below. Husk The color of the husks 1 tO 2 

In col. 5, al lines 46-17, please delete ^ r ^ H w ^ substitu te therefor - 

weeks after pollination scored as Color weeks after pollination scored as 

Ear-Fresh Husk Color. The color of the husKS 

green, red, or purple-. 

cars per plant-- 

v -rwaveraee number of internodes on 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 

DATED 

INVENTOR^ 



5,936,145 
AugjsHO.1999 
P^er J. Bradbury 



Page 



His certified thai errors appear n 
sho*nbeb*: 



2 of 6 



Paaertl is hereby corrected as 



i < * inpc ^ f>f> nlease delete "Keroel-Number Per The average number of 
average number of kernels in a single row-. 

in ml 7 at lines 1-3 please delete "Kernel-Pericarp The color of the pericarp scored as 
Slor e s £ "hie crown, tan, Color: bronze, brown, light red, cherry red or 
vSg"ed"and substitute therefor - Kernel-Pericarp ^J^^*^**** 
31 colorless, red-white crown, tan, bronze, brown, bght red, cherry red, or 

variegated-. 

scored as srraight, slightly curved, spiral, or mdrsonct (scattered)-. 

to co,. 7. a, Hoes 30-33. '^^^^SX S 
""""IE I^leaf-lLgimdtoa, Creases: 

SfSblE SSSw creases o„ the leaf surface 1 .0 2 weeks after 
pollination. Creases arc scored as absent, few, or many-. 

In col 7 al lines 34-36, please delete "Uaf-Masginal A raling of Ore wavinessof the 
to col. 7. at Urns poUination. Rated as none, few, or many and 
^STdrlrefo. t^£> Wa^es: A ratin E of me waviness of me .cafmargm 
1 to 2 weeks after pollination. Rated as none, few, or many- 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO- : 5*36,145 3 of 6 

DATED : Augifil 10. 1999 

MVENTOR(S) : PeterJ-BractMy 

l^c^ttaenofcappearhlheabc^^ 
shown below. 

In col 7 at lines 40-43, please delete "Leaf-Sheath A rating of the level of anthocyanin 
in the leaf sheath 1 to 2 weeks Anthocyanin: after pollination, scored as absent, basal- 
weak, basal-strong, weak or strong" and substitute therefor -Leaf-Sheath Anthocyanin: 
A rating of the level of anthocyanin in the leaf sheath 1 to 2 weeks after pollination, 
scored as absent, basal-weak, basal-strong, weak or strong-. 

In col 7 at lines 44^6, please delete "Leaf-Sheath A rating of the pubescence of the 
leaf sheath Ratings are taken 1 Pubescence: to 2 weeks after pollination and scored as 
light medium, or heavy" and substitute therefor -Leaf-Sheath Pubescence: A rating of 
the pubescence of the leaf sheath. Ratings are taken 1 to 2 weeks after pollination and 
scored as light, medium, or heavy-. 

In col 8 at lines 19-21, please delete "Stalk-Brace Root The color of the brace roots 
observed 1 to 2 weeks after pollination Color, as green, red, or purple" and substitute 
therefor -Stalk-Brace Root Colon The color of the brace roots observed 1 to 2 weeks 
after pollination as green, red, or purple-. 

In col 8 at lines 27-29, please delete "Stalk-lnternode The direction of the stalk 
internode observed after pollination as Direction: straight or zigzag" and substitute 
therefor -Stalk-lnternode Direction: The direction of the stalk internode observed after 
pollination as straight or zigzag—. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 

DATED 

MVENTTOR(S) 



5336.145 
August 10. 1999 
Petef J.Bracfcury 



Page 



A of 6 



abcNeifertfed patent and thai sad Letters Patert thereby corrected as 



h fe certfed that errors appear nine 
srxwnbekw. 

in ml 8 at lines 30-3 1 please delete "Stalk-lntemode The average length of the 
t^l l£::lt£Ly eat. Length:" and substitute therefor -Stalk Intemode 
Length: The average length of the internode above the primary ear-. 

in rol 8 at lines 35-36 please delete "Stalk-lntemode With The average number of 
^£i^»ip«pi»t BraceRootsfandsubsUtutetherefor-Stallc- 
LVeSode with Brace Roots: The average number of nodes havmg brace roots per 
plant—. 

in rol 8 at lines 65-66 please delete "Tassel-Branch The average number of primary 

branches Number." and substitute therefor -Tassel-Branch Number. The 
average number of primary tassel branches-. 

In col 9 at lines 7-9 please delete "Tassel-Peduncle The average length of the tassel 
^tk r^JJZrn the base of the flag leaf to the base Length: of the bottom 

and substitute therefor -Tassel-Peduncle length: The average length of 
^e usseTpeduncle. measured from the base of the flag leaf to the base of the bottom 
tassel branch—. 

In col. 13, at line 26, delete "3AZA1" and substitute therefor -AQA3-. 

In col. 14, at line 52, delete "87D1A1 14" and substitute therefor -87DIA4-. 

In col. 30, at line 4, , delete "DEKALB Plant Genetics" and substitute therefor - 
DEKALB Genetics Corporation-. 
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united states patent and trademark office 
Certificate of correction 

Page 5 of 6 

PATENT NO. : 5,996.145 
DATED August 10. 1999 

NVENTOFKS) : PeterJ-Bradwy 

ft is certfed m enors appear n the eboje+xreneo^ 
shown befcsv. 

At col 17 in Table 5 delete all rows under "4. EAR* and ending with "Endosperm 
Color and substitute thciefor the following rows - 



EAR 

Silk Color 
Number Per Stalk 
Position (attitude) 
Length cm- 
Shape 

Diameter cm. 
Weight gm. 
Shank. Length cm. 
Husk Bract 
Husk Cover cm. 
Husk Color Fresh 
Husk Color Dry 
Cob Diameter cm 
Cob Color 
Shelling Percent 



Pink 


Pink 


1.0 


1.0 


Upright 




14.6 


16.0 


Semi-conical 


Semi-conical 


4.0 


3;8 


104.9 


100.6 


10.3 


14.1 


Short 


Short 


6.4 


25 


Green 


Green 


Buff 


Buff 


23 


2.4 


Red 




87.7 


80.6 



1.0 
14.6 

Semi-conical 

4.0 

103.2 

10.1 

Short 

4.4 

Green 

Buff 

2.3 

Red 

89.0 



Red 
1.4 

Upright 
15.6 

Semi-conical 

3.9 

107.6 

9.6 

Short 

3.-' 

Green 

Buff 

2.1 

Red 

83.3 
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Peier J-Bracbury 



Page 



6 of 6 



He certfied thai eras appear nthe 
sro^befcw 

5. KERNEL 
Row Number 
Number Per Row 
Row Direction 
Type 
Cap Color 
Side Color 
Length (deptb) mm. 
Width mm- 
Thickness 

Weight of 1000K gm. 
Endosperm Type 
Endosperm Color 



14.6 

32.1 

Curved 

Dent 

Yellow 

Deep Yellow 

11-1 

7.8 

3.9 

269.0 

Normal 

Yellow 



14.8 
27.1 
Curved 

Yellow 

9.4 

8.0 

5.2 

252.4 

Normal 

Yellow 



e hereby corrected as 



16.3 

29.3 

Curved 

Dent 

Yellow 

Orange 

10.9 

7.4 

4.4 

233.0 

Normal 

Yellow 



153 
29.7 
Curved 

Yellow 

103 

7.8 

4.2 

247.8 

Normal 

Yellow- 



' Attest: 



Attesting Officer 



Signed and Sealed this 
Twenty-seventh Day of February, 2001 

NICHOLAS P. CODICI 

Aciinf Dim'tor of the United States Patent onJ Tradema rk OfJ'u v 



EXHIBIT F 



The opinion in support of the decision being entered today was not written 
for publication and is not binding precedent of the Board. 



UNITED STATES PATENT AND TRADEMARK OFFICE 



BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 




AteCaVDoduted:. 



x parte Marvin L. Boerboom 



APR 0 4 2005 



Appeal No. 2005-0396 1 
Application No. 10/077,589 



MAILED 




ON BRIEF 2 



U.S. PATENT AND TRADEMARK OFFICE 
BOARD OF PATENT APPEALS 
AND INTERFERENCES 



MAR 3 1 2005 



Before SCHEINER, ADAMS and GREEN, Administrative Patent Judges . 
ADAMS, Administrative Patent Judge . 



This is a decision on the appeal under 35 U.S.C. § 134 from the 
examiner's final rejection of claims 3, 6, 11, 15-20 and 24-31. The examiner has 
indicated that claims 1, 2, 5, 7-10, 12-14 and 21-23 are allowable. Answer, page 
2. Claim 4 has been cancelled. Id. 



1 This appeal is substantially similar to Appeal No. 2004-1503, Application No. 09/606,808; 
Appeal No. 2004-1506, Application No. 09/788,334; Appeal No. 2004-1968, Application No. 
10/000,311; Appeal No. 2004-2317, Application No. 09/771,938; and Appeal No. 2004-2343, 
Application No. 09/772,520, which all share the same assignee, Monsanto Company, the parent 
of wholly-owned subsidiary DeKalb Genetics Corporation. Accordingly we have considered 
these appeals together. 

2 We note that appellant waived his request for Oral Hearing. See Paper received January 5 
2005. 



DECISION ON APPEAL 



Appeal No. 2005-0396 Pa9e 2 

Application No. 10/077,589 

Claims 3, 6, 15, 16, 17, 27, 28 and 30 are illustrative of the subject matter 
on appeal and are reproduced below. In addition, for convenience, we have 
reproduced allowable claims 2 and 5 below: 

2. A population of seed of the corn variety 1180580, wherein a sample of the 
seed of the corn variety 1180580 was deposited under ATCC Accession 
No. PTA-4490.' 31 

3. The population of seed of claim 2, further defined as an essentially 
homogeneous population of seed. 

5. A corn plant produced by growing a seed of the corn vadety 1180580, 
wherein a sample of the seed of the corn variety 1180580 was deposited 
under ATCC Accession No. PTA-4490. 

6. The corn plant of claim 5, having: 

(a) an SSR profile in accordance with the profile shown in Table 6; or 

(b) an isozyme typing profile in accordance with the profile shown in 
Table 7. M 

15. A corn plant capable of expressing all the physiological and 
morphological characteristics of the corn variety 1180580, wherein a 
sample of the seed of the corn variety 1180580 was deposited under 
ATCC Accession No. PTA-4490. 

16. The corn plant of claim 15, further comprising a nuclear or cytoplasmic 
gene conferring male sterility. 

17. A tissue culture of regenerate cells of a plant of corn variety 1180580, 
wherein the tissue is capable of regenerating plants capable of 
expressing all the physiological and morphological characteristics of the 
corn variety 1180580, wherein a sample of the seed of the corn variety 
1180580 was deposited under ATCC Accession No. PTA-4490. 



3 The appendix of claims in appellant's Brief incorrectly identifies the ATCC Accession No. as 
PTA-3224. However, according to appeliant's Declaration of Biological Deposit, received April 
21, 2003. the ATCC Accession No. for seeds of corn inbred 1180580 is PTA-4490. Accordingly, 
all references, herein, to the deposited seeds will refer to the correct ATCC Accession No. PTA- 
4490. 

4 The appendix of claims in appellant's Brief incorrectly refers to the SSR profile of "Table 5," and 
the isozyme profile of Table 6". As we understand appellant's specification (pages 59-62), the 
SSR profile is shown in Table 6, and the isozyme profile is shown in Table 7. Accordingly, all 
references, herein, to the SSR and isozyme profiles refer Tables 6 and 7 respectively. 
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27. The corn plant of claim 5, further defined as having a genome comprising 
a single locus conversion. 

28. The corn plant of claim 27, wherein the single locus was stably inserted 
into a corn genome by transformation. 

30. The corn plant of claim 27, wherein the locus confers a trait selected from 
the group consisting of herbicide tolerance; insect resistance; resistance 
to bacterial, fungal, nematode or viral disease; yield enhancement; waxy 
starch; improved nutritional quality; enhanced yield stability; male sterility 
and restoration of male fertility. 

The references relied upon by the examiner are: 

Hunsperger et al. (Hunsperger) 5,523,520 Jun. 4, 1996 

Eshed et al. (Eshed), "Less-Than-Additive Epistatic Interactions of Quantitative 
Trait Loci in Tomato," Genetics , Vol. 143, pp. 1807-17 (1996) 

Kraft et al. (Kraft), "Linkage Disequilibrium and Fingerprinting in Sugar Beet," 
Theoretical and Applied Genetics . Vol. 101, pp. 323-36 (2000) 

GROUNDS OF REJECTION 

Claim 3 stands rejected under 35 U.S.C. § 1 12, second paragraph as 

indefinite in the recitation of the phrase "an essentially homogeneous population 

of seed." 

Claims 6 and 1 1 stand rejected under 35 U.S.C. § 1 12, second paragraph 
as indefinite in the recitation of the phrase "in accordance with." 

Claims 15, 17 and 20 stand rejected under 35 U.S.C. § 112, second 
paragraph as indefinite in the recitation of the phrase "capable of expressing." 

Claims 16 and 27-30 stand rejected under 35 U.S.C. § 1 12, second 
paragraph as failing to limit the scope of the claims from which they depend. 
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Claim 28 stands rejected under 35 U.S.C. § 1 12. second paragraph as 
indefinite in the recitation of "the article 'a' in the recitation 'wherein the single 
locus was stably inserted into a corn genome.'" 

Claim 29 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of a "locus ... consisting of a dominant allele and a 
recessive allele." 

Claim 30 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of the phrases "yield enhancement," "improved 
nutritional quality," and "enhanced yield stability." 

Claims 16 and 24-31 stand rejected under the written description 
provision of 35 U.S.C. § 1 12, first paragraph. 

Claims 16 and 24-31 stand rejected under the enablement provision of 35 
U.S.C. § 1 12, first paragraph. 

We reverse. 

BACKGROUND 

The present "invention relates to inbred corn seed and plants of the 
variety designated 1180580, and derivatives and tissue cultures thereof." 
Specification, page 1. According to appellant (specification, page 26), "[a] 
description of the physiological and morphological characteristics of corn plant 
1180580 is presented in Table 3" of the specification, pages 26-27. On this 
record the examiner has indicated that claims drawn to plants, plant parts, and 
seed of the corn variety designated 1180580 are allowable. See ejg., claims 1, 2, 
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5, 7-10, 12 and 13, and Answer, page 2, wherein the examiner states "[c]laims 1, 
2, 5, 7-10, 12 [and] 13 ... stand allowed." 

A second aspect of the present invention comprises hybrid plants and 
processes "for producing [first generation (FJ hybrid 5 ] corn seeds or plants, 
which ... generally comprise crossing a first parent corn plant with a second 
parent corn plant, wherein at least one of the first or second parent corn plants is 
a plant of the variety designated 1180580." Specification, pages 7-9. On this 
record the examiner has indicated that claims drawn to a process of producing 
corn seed wherein the process comprises crossing a first parent corn plant with a 
second parent corn plant are allowable. See e.g. , claims 21-23 and Answer, 
page 2, wherein the examiner states claims "21-23 stand allowed." 

A third aspect of the present invention comprises single locus converted 
plants of the corn variety 1180580. Specification, page 6. As appellant explains 
(specification, page 23, emphasis added), single locus converted (conversion) 
plants are those plants 

which are developed by a plant breeding technique called 
backcrossing wherein essentially al| of the desired morphological 
and physiological characteristics of an inbred are recovered in 
addition to the characteristics conferred by the single locus 
transferred into the inbred via the backcrossing technique. A single 
locus may comprise one gene, or in the case of transgenic plants, 



5 According to the specification (page 20), a F, hybrid is tt [t]he first generation progeny of the 
cross of two plants." Accordingly, we understand claims 24 and 25 to refer to F, hybrids. In this 
regard, we note that similar claims, directed to a different com variety, were presented for our 
review'in Appeal Nos. 2004-1506 and 2004-2317. During the oral hearing in Appeal Nos. 2004- 
1506 and 2004-2317, appellant's representative confirmed that all claims drawn to hybrid plants 
or hybrid seeds (see e^, claims 24 and 25) refer to F 1 hybrids. Further, based on our 
understanding of claim 25, claim 26 before us on appeal fails to further limit claim 25 from which it 
depends. See "Other Issues," infra. 
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one or more transgenes integrated into the host genome at a single 
site (locus). 

As appellant explains (specification, bridging paragraph, pages 29-30): 

Many single locus traits have been identified that are not regularly 
selected for in the development of a new inbred but that can be 
improved by backcrossing techniques. Single locus traits may or 
may not be transgenic; examples of these traits include, but are not 
limited to, male sterility, waxy starch, herbicide resistance, 
resistance for bacterial, fungal, or viral disease, insect resistance, 
male fertility, enhanced nutritional quality, industrial usage, yield 
stability, and yield enhancement. These genes are generally 
inherited through the nucleus, but may be inherited through the 
cytoplasm. Some known exceptions to this are genes for male 
sterility, some of which are inherited cytoplasmically, but still act as 
single locus traits. 

A final aspect of the present invention is directed to a process of 

producing an inbred corn plant derived from a plant of the com variety 1180580. 

See e.g., claim 31. According to appellant's specification (page 10), 

the present invention provides a method of producing an inbred 
corn plant derived from the corn variety 1180580, the method 
comprising the steps of: (a) preparing a progeny plant derived from 
corn variety 1180580, wherein said preparing comprises crossing a 
plant of the corn variety 1180580 with a second corn plant, and 
wherein a sample of the seed of corn variety 1180580 has been 
deposited under ATCG Accession No. . . . [PTA-4490]; (b) crossing 
the progeny plant with itself or a second plant to produce a seed of 
a progeny plant of a subsequent generation; (c) growing a progeny 
plant of a subsequent generation from said seed of a progeny plant 
of a subsequent generation and crossing the progeny plant of a . 
subsequent generation with itself or a second plant; and (d) 
repeating steps (c) and (d) for an addition 3-10 generations to 
produce an inbred corn plant derived from the corn variety 1180580. 
In the method, it may be desirable to select particular plants 
resulting from step (c) for continued crossing according to steps (b) 
and (c). By selecting plants having one or more desirable traits, an 
inbred corn plant derived from the corn variety 1180580 is obtained 
which possesses some of the desirable traits of corn variety 
11 80580 as well potentially other selected traits. 
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Therefore, as we understand this aspect of the claimed invention (e^g., claim 31), 
the claim is drawn to a process wherein an inbred com plant is derived from the 
corn variety 1180580. 

As appellant explains (specification, page 3), 

The development of uniform corn plant hybrids requires the 
development of homozygous inbred plants, the crossing of these 
inbred plants, and the evaluation of the crosses. Pedigree breeding 
and recurrent selection are examples of breeding methods used to 
develop inbred plants from breeding populations. Those breeding 
methods combine the genetic backgrounds from two or more 
inbred plants or various other broad-based sources into breeding 
pools from which new inbred plants are developed by selfing and 
selection of desired phenotypes. The new inbreds are crossed with 
other inbred plants and the hybrids from these crosses are 
evaluated to determine which of those have commercial potential. 

We emphasize, that while "new inbreds" having commercial potential may result 

from the method set forth in claim 31 , the claim does not encompass any specific 

plant that is produced as a result of the method. Rather the claim encompasses 

only a method of producing an inbred corn plant that is " derived " from the corn 

variety 1180580. The examiner has indicated that a claim drawn to a corn plant 

of the corn variety 1180580 is allowable. See e^g., claim 5, and Answer, page 2, 

wherein the examiner states that claim 5 is allowed. 

Against this backdrop, we now consider the rejections of record. 

DISCUSSION 

Definiteness : 

Claims 3, 6, 1 1 , 15-20 and 27-30 stand rejected under 35 U.S.C. § 1 12, 
second paragraph. For the following reasons we reverse. 
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Claim 3 

Claim 3 depends from independent claim 2, and stands rejected under 35 
U.S.C. § 112, second paragraph as indefinite in the recitation of the phrase "an 
essentially homogeneous population of seed...." Answer, page 3. According to 
the examiner (Answer, page 5), claim 2 is drawn "to a single variety of seed, that 
of corn variety 1180580." Thus, the examiner finds (Answer, page 4), the 
population of seed set forth in claim 2 "is a homogeneous population of 
genetically inbred seed." Accordingly, the examiner finds (jg\), "the 'essentially 
homogeneous' language [in claim 3] ... appear[s] to be superfluous." 

However, as disclosed in appellant's specification (page 5), 

[essentially homogeneous populations of inbred seed are those 
that consist essentially of the particular inbred seed, and are 
generally free from substantial numbers of other seed, so that the 
inbred seed forms between about 90% and about 100% of the total 
seed, and preferably, between about 95% and about 100% of the 
total seed. 

Accordingly, we disagree with the examiner's assertion (Answer, page 5) 
that claim 3 is unclear simply because it may contain seed other than the seed of 
the corn variety 1180580. We remind the examiner that claim language must be 
analyzed "not in a vacuum, but always in light of the teachings of the prior art 
and of the particular application disclosure as it would be interpreted by one 
possessing the ordinary skill in the pertinent art." In re Moore , 439 F.2d 1232, 
1235, 169 USPQ 236, 238 (CCPA 1971). In our opinion a person of ordinary 
skill in the art would recognize that an essentially homogeneous population of 
seed of the corn variety 1180580 is a population of seed that is generally free 
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from substantial numbers of other seed, e.g., -wherein corn variety 1180580 seed 
forms between about 90% and about 100% of the total seed in the population. 6 

We also note that this rejection appears to be inconsistent with the 
indication that claim 14 is allowable. Answer, page 2. Claim 14 is directed to 
"[a]n essentially homogeneous population of corn plants produced by growing 
the seed of the corn variety 1180580...." Emphasis added. The examiner's logic 
as applied to claim 3 would appear to apply to claim 14 as well, yet claim 14 is 
indicated as allowable, while claim 3 stands rejected. Cf. claims 3 and 14 of 
Appeal Nos. 2004-1506 and 2004-2317, wherein claims similar to claims 3 and 
14 were presented for our review. In Appeal Nos. 2004-1506 and 2004-2317 the 
examiner of record, rejected claims 3 and 14 under 35 U.S.C. 112, second 
paragraph, applying the same rationale as the examiner applied to claim 3 
herein. Accordingly, not only has the examiner treated the claims on this record 
in an inconsistent manner, the examiner has treated the claims in a manner that 
is inconsistent with the prosecution of similar claims in other related applications. 

Accordingly, we reverse the rejection of claim 3 under 35 U.S.C. § 1 12, 
second paragraph. 

Claims 6 and 1 1 

Claims 6 and 1 1 stand rejected under 35 U.S.C. § 1 12, second paragraph 
as indefinite in the recitation of the phrase "in accordance with." According to the 



6 Cf. the examiner's statement (Answer, page 6), w [i]f claim 3 were amended to read — [a]n 
essentially homogeneous population of corn seeds consisting essentially of the inbred corn seed 
of claim 1 — , the claim would have a definite meaning." 
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examiner (Answer, page 9), it is unclear if a plant "that generally follows the trend 
of the profile of Table 6, but which differs at one or a few loci, [would] be 
considered in 'conformity' or 'in accordance' with the profile of Table 6." 

On this record, we understand the phrase "in accordance with" as it is 
used in claims 6 and 11 to mean "the same" 7 . Stated differently, we understand 
the claims to read: 

6. The corn plant of claim 5, having: 

(a) the same SSR profile as shown in Table 6; or 

(b) the same isozyme typing profile as shown in Table 7. 

11. The plant part of claim 10, wherein said cell is further defined as having: 

(a) The same SSR profile as shown in Table 6; or 

(b) The same isozyme typing profile as shown in Table 7. 

Accordingly we reverse the rejection of claims 6 and 1 1 under 35 U.S.C. 
§ 112, second paragraph. 

Claims 15, 17 and 20 

Claims 15, and 17-20 stand rejected under 35 U.S.C. § 1 12, second 

paragraph as indefinite in the recitation of the phrase "capable of expressing," or 

"capable of regenerating." According to the examiner (Answer, page 10), the 

claims do "not make clear if the plant actually expresses the traits, or when or 

under what conditions the traits are expressed." In this regard, the examiner 

finds (Answer, bridging paragraph, pages 10-11), 

while the plant has the capacity to express the characteristics, for 
some reason it may not. Certain characteristics of a plant are 

7 Cf- Appeal Nos. 2004-1506 and 2004-2317, which use similar language for claims directed to 
different corn varieties. In this regard, we note that during the February 10, 2005 oral hearing in 
Appeal Nos. 2004-1506 and 2004-2317, appellant's representative confirmed that the phrase "in 
accordance with" was intended to mean "the same". 
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expressed only at certain times of its life cycle; and are incapable 
of being expressed at other times. The colors of flower parts such 
as silks, or fruit parts such as husks, are examples. The promoters 
of many genes conferring traits require a transcription factor to 
become active. Is a plant that has such a gene, but not the 
transcription factor, considered "capable of expressing" that gene, 
and the trait associated with that gene, and is such a plant 
encompassed by the claims? 

To address the examiner's concerns, we find it sufficient to state that if a plant 

has the capacity to express the claimed characteristics it meets the requirement 

of the claim regarding "capable of," notwithstanding that due to a particular 

phase of the life cycle the plant is not currently expressing a particular 

characteristic. Alternatively, if a plant is incapable of expressing the claimed 

characteristics at any phase of the life cycle, because it lacks, for example, the 

"transcription factor" required for expression - such a plant would not meet the 

requirement of the claim regarding "capable of." 

Here, we find the examiner's extremely technical criticism to be a 
departure from the legally correct standard of considering the claimed invention 
from the perspective of one possessing ordinary skill in the art. 8 In our opinion, a 
person of ordinary skill in the art would understand what is claimed. Amgen Inc. 
v. Chuqai Pharmaceutical Co.. Ltd. , 927 F.2d 1200, 1217, 18 USPQ2d 1016, 
1030 (Fed. Cir. 1991). We find the same to be true for the phrase "capable of 
as set forth in claims 17 and 20. 

Accordingly we reverse the rejection of claims 15, 17 and 20 under 35 
U.S.C. § 1 12, second paragraph. 



6 Cf Digital Equipment Corp. v. Diamond, 653 F.2d 701. 724. 210 USPQ 521. 546 (CA 1981). 
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Claims 16 and 27-30 

Claims 16 and 27-30 stand rejected under 35 U.S.C. § 112, second 
paragraph as failing to limit the scope of the claims from which they depend. 
According to the examiner (Answer, page 8), since the plant set forth in claim 16 
is male sterile it cannot express all the morphological and physiological 
characteristics of the male fertile corn variety 1180580. Similarly, the examiner 
finds it unclear whether the plant set forth in claim 27 has all the characteristics 
of the plant set forth in claim 5, from which claim 27 depends. Answer, pages 9- 
10. In response, appellant asserts (Brief, page 8), claims 16 and 27 simply add 
a further limitation to the claims from which they depend. We agree. 

For example, claim 1 6 reads on a corn plant capable of expressing all the 
physiological and morphological characteristics of the corn variety 1180580, 
further comprising a nuclear or cytoplasmic gene conferring male sterility. In our 
opinion, the claims reasonably apprise those of skill in the art of their scope. 
Amqen , As set forth in Shatterproof Glass Corp. v. Libbev-Owens Ford Co. , 758 
F.2d 613, 624, 225 USPQ 634, 641 (Fed. Cir. 1985), "[i]f the claims, read in the 
light of the specifications, reasonably apprise those skilled in the art both of the 
utilization and scope of the invention, and if the language is as precise as the 
subject matter permits, the courts can demand no more." 

Accordingly we reverse the rejection of claims 1 6 and 27-30 under 35 
U.S.C. § 112, second paragraph. 
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Claim 28 

Claim 28 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of "the article 'a' in the recitation "wherein the single 
locus was stably inserted into a corn genome."' According to the examiner 
(Answer, page 13), "the recitation does not make clear if the genome is that of 
1180580 or that of a different corn plant." 

According to appellant's specification (page 22. emphasis removed), a 
"Single Locus Converted (Conversion) Plant" refers to 

[p]lants which are developed by a plant breeding technique called 
backcrossing wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in 
addition to the characteristics conferred by the single locus 
transferred into the inbred via the backcrossing technique. A single 
locus may comprise one gene, or in the case of transgenic plants, 
one or more transgenes integrated into the host genome at a single 
site (locus). 

Accordingly, we agree with appellant (Brief, page 9) "[t]he single locus 
referred to in claim 28 may or may not have been directly inserted into the 
genome of the claimed plant." As we understand the claim, and arguments of 
record, claim 28 presents two possibilities: (1) the single locus is directly inserted 
into the claimed plant and nothing further need be done; or (2) the single locus is 
directly inserted into a different plant, which is then used to transfer the single 
locus to the claimed plant through use of the plant breeding technique known as 
backcrossing: 
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In our opinion, the claim reasonably apprises those of skill in the art of its 
scope. 9 Amgen . Accordingly, we reverse the rejection of claim 28 under 35 
U.S.C. § 112, second paragraph. 

Claim 29 

The examiner finds (Answer, page 1 1 ), claim 29 is indefinite in the 
recitation of a locus selected from the group consisting of a dominant allel and a 
recessive allele. According to the examiner (id.), "a locus is a location on a 
genome, and is not an allele." As appellant explains (Brief, page 9), page 22 of 
the specification discloses that "[a] single locus may comprise one gene, or in the 
case of transgenic plants, one or more transgenes integrated into the host 
genome at a single site (locus)." According to appellant (id.), "a single locus 
conversion refers to the gene introduced and not a locus on the chromosome. 
[Thus,] [t]here is .. . nothing indefinite in the recitation of a single locus 
conversion that is a dominant allele or a recessive allele." 

In response, the examiner finds (Answer, page 12), "[i]f claim 29 read, -- 
the conversion— rather than 'the locus', [appellant's arguments would be more 
persuasive." Claim 29 depends from claim 27, which is drawn to "[t]he corn plant 
of claim 5, further defined as having a genome comprising a 



9 The same is true of the examiner's comment (Answer, bridging sentence, pages 10-1 1) that the 
claim is confusing since "a locus is a position on a genome rather than a piece of DNA or a gene." 
As appellant explains (specification, page 22). "[a] single locus may comprise one gene, or in the 
case of transgenic plants, one or more transgenes integrated into the host genome at a single site 
(locus)." 
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single locus conversion." In claim 29, appellant chose to refer to this "single 
locus conversion" as "the locus." As we understand the rejection, the examiner 
prefers that appellant refer to the "single locus conversion" of claim 27 as "the 
conversion." We fail to see why referring to the "single locus conversion" of 
claim 27 as the "conversion" would be any clearer than appellant's use of the 
term locus." 10 In our opinion, the claim reasonably apprises those of skill in the 
art of its scope. Amgen . Accordingly, we reverse the rejection of claim 29 under 
35 U.S.C. § 112, second paragraph. 

Claim 30 

Claim 30 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrases "yield enhancement," "improved 
nutritional quality," and "enhanced yield stability." According to the examiner the 
terms "yield enhancement," "improved nutritional quality," and "enhanced yield 
stability" are relative and have no definite meaning. Answer, pages 12-13. The 
examiner is correct (id), when a word of degree is used appellant's specification 
must provide some standard for measuring that degree. Seattle Box. Co. v. 
Industrial Crating & Packing, Inc. , 731 F.2d 818, 826, 221 USPQ 568, 573-574 
(Fed. Cir. 1984). 



10 To this end, we note that a similar claim was presented for our review in Appeal Nos. 2004- 
1506 and 2004-2317. See claim 29 presented for our review in each appeal. However, the 
examiner of record in Appeal Nos. 2004-1506 and 2004-2317 apparently found that a person of 
ordinary skill in the art would have understood the scope of the claim, as no comment was made 
on either of these records, to reflect that the language of claim 29 was indefinite with regard to 
appellant's use of the term "locus" in referring to M a single locus conversion." as is presented 
herein for our review. 
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On this record, appellant asserts (Brief, page 10), it is "understood the 
enhancement of yield or yield stability and improved nutritional quality is relative 
to a plant lacking the single locus. The metes and bounds of the claim are thus 
fully understood by one of skill in the art and the use of the terms is not 
indefinite." On reflection, we agree with appellant. The fact that some claim 
language is not mathematically precise does not per se render the claim 
indefinite. Seattle Box . As set forth in Shatterproof Glass , "[i]f the claims, read in 
the light of the specifications, reasonably apprise those skilled in the art both of 
the utilization and scope of the invention, and if the language is as precise as the 
subject matter permits, the courts can demand no more." In our opinion, a 
person of ordinary skill in the art would have understood the enhancement of 
yield or yield stability and improved nutritional quality is relative to a plant lacking 
the single locus. 

Accordingly we reverse the rejection of claim 30 under 35 U.S.C. § 1 12, 
second paragraph. 

Written Description : 

Claims 16, and 24-31 stand rejected under 35 U.S.C. § 1 12, first 
paragraph, as the specification fails to adequately describe the claimed 
invention. For the following reasons, we reverse. 

Claims 24-26 

Claims 24-26 depend from claim 23. On this record, the examiner has 
indicated that claim 23 is allowable. Answer, page 2. The examiner finds 
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(Answer, page 14), claims 24-26 are drawn to a hybrid plant or seed "produced 
by crossing inbred corn plant 1180580 with any second, distinct inbred corn 
plant." 

As we understand it, based on this construction of claims 24-26, the 
examiner is of the opinion that since the hybrids inherit only 1 / 2 of their diploid 1 ' 
set of chromosomes from the plant of com variety 1180580, a person of skill in 
the art would not have viewed the teachings of the specification as sufficient to 
demonstrate that appellant was in possession of the genus of hybrid seeds and 
plants encompassed by claims 24-26. According to the examiner (Answer, 
bridging sentence, pages 28-29), "[t]he fact that any hybrid plant will inherit half 
of its alleles from 1180580 then does not provide sufficient description of the 
morphological and physiological characteristics expressed by the claimed hybrid 
plants." 

There is no doubt that the expressed gene products of a hybrid plant, e.g., 
the morphological and physiological traits, of 1180580 and a non-1180580 corn 
plant will depend on the combination of the genetic material inherited from both 
parents. See Answer, page 28. Nevertheless, we disagree with the examiner's 
conclusion (Answer, bridging sentence, pages 28-29) that "[t]he fact that any 
hybrid plant will inherit half of its alleles from 1180580 then does not provide 
sufficient description of the morphological and physiological characteristics 
expressed by the claimed hybrid plants." 



11 According to appellant's specification (page 20), diploid means "a cell or organism haying two 
sets of chromosomes." 
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On these facts, we find it necessary to take a step back and consider what 
is claimed. The claims are drawn to a F 1 hybrid seed (claim 24) or plant (claim 
25) resulting from a cross between a plant of corn variety 1180580 and a non- 
1180580 corn variety. The claims do not require the hybrid to express any 
particular morphological or physiological characteristic. Nor do the claims 
require that a particular non-1180580 corn variety be used. 12 All that is required 
by the claims is that the hybrid has one parent that is a plant of corn variety 
1180580. Since the examiner has indicated that the seed and the plant of the 
corn variety 1180580 are allowable (see claims 1 and 5), there can be no doubt 
that the specification provides an adequate written description of this corn 
variety. In addition, the examiner appears to recognize (Answer, page 14) that 
appellant's specification describes an exemplary hybrid wherein one parent was 
a plant of the corn variety 1180580. see e.g. , specification, pages 52-56. 
Accordingly, it is unclear to this merits panel what additional description is 
necessary. 

As set forth in Reiffin v. Microsoft Corp. , 214 F.3d 1342, 1345, 54 
USPQ2d 1915, 1917 (Fed. Cir. 2000), the purpose of the written description 
requirement is to "ensure that the scope of the right to exclude, as set forth in the 
claims does not overreach the scope of the inventor's contribution to the field of 
art as described in the patent specification." Here the hybrid seed or plant has 



12 According to appellant (Brief, page 18), "hundreds or even thousands of different inbred corn 
lines were well known to those of skill in the art prior to the filing [date] of the instant application, 
each of which could be crossed to make a hybrid plant with in the scope of the claims:' 
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one parent that is a plant of the corn variety 1180580. To that end, to satisfy the 
written description requirement, the inventor "must convey with reasonable clarity 
to those skilled in the art that, as of the tying date sought , he or she was in 
possession of the invention" [emphasis added]. Vas-Cath In c. v. Mahurkar, 935 
F.2d 1555, 1563-64, 19 USPQ2d 1111, 1117 (Fed. Cir. 1991). For the foregoing 
reasons it is our opinion that appellant has provided an adequate written 
description of the subject matter set forth in claims 24-26. 

We recognize the examiner's argument relating to molecular markers 
(Answer, pages 31-32), as well as the examiner's arguments concerning a 
correlation between the hybrid's genome structure and the function of the hybrid 
plant (e.g. . Answer, page 30). However, for the foregoing reasons, we are not 
persuaded by these arguments. 

Claims 16 and 27-30 

According to the examiner (Answer, page 17), "the specification provides 

no description of any plant produced by classical breeding methods such as 

backcrossing, as claimed in claims 16 and 27-31." In this regard, the examiner 

finds (Answer, bridging paragraph, pages 17-18), 

the individual genes conferring the desired traits (to be introgressed 
via classical breeding methods such as backcrossing) have not 
been characterized with respect to either sequence or source 
organism, and the genes for several of the contemplated traits; i.e. 
"improved nutritional quality", "yield enhancement" and "enhanced 
yield stability" as recited in claim 30, or "industrial usage" as recited 
on page 29 of the specification, lines 27-28; have not been isolated 
either by [a]ppellant or by the skilled artisan. In fact, the genes 
conferring such traits are thought to be quantitative in nature, i.e. 
governed by multiple genes, often occurring on different 
chromosomes, which additively contribute to the desired effect. 
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More specifically, the examiner finds (Answer, page 22), claims 27-29 "broadly 
encompass single loci that have not been discovered or isolated." To the extent 
that the examiner is asserting that appellant has not provided an enabling 
disclosure of single loci that have not been identified, we note that to satisfy the 
written description requirement, the inventor "must convey with reasonable clarity 
to those skilled in the art that, as of the filing date sought , he or she was in 
possession of the invention" [emphasis added]. Vas-Cath . 

To the extent that the examiner is of the opinion (Answer, bridging 
paragraph, pages 17-18) that single genes that alone govern "yield 
enhancement" or "enhanced yield stability" have not been discovered, the 
examiner provides no evidence to support such an assertion, or that "genes 
conferring such traits are though to be quantitative in nature...." In this regard, 
we note that appellant discloses (specification, page 29), "[m]any single locus 
traits have been identified ... examples of these traits include, but are not limited 
to, ... enhanced nutritional quality, industrial usage, yield stability, and yield 
enhancement." It appears that the examiner has overlooked appellant's 
assertion that single locus traits for yield stability and yield enhancement are well 
known in the art. To this end, we direct the examiner's attention to, for example, 
United States Patent No. 5,936,145 ('145) 13 , issued August 10, 1999, which is 



13 We note that the assignee of the '145 patent is DeKalb Genetics Corporation. The assignee of 
the present application is Monsanto Company, the parent of wholly-owned subsidiary DeKalb 
Genetics Corporation. 
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prior to the filing date of the instant application. For clarity, we reproduce claims 

8, 29 and 39 of the '145 patent below: 

8. A corn plant having all the physiological and morphological 

characteristics of corn plant 87DIA4, a sample of the seed of said corn 
plant having been deposited under ATCC Accession No. 203192. 

29. The corn plant of claim 8, further comprising a single gene conversion. 

39. The single gene conversion of the corn plant of claim 29, where the 
gene confers enhanced yield stability. 

As we understand it, claim 39 of the '145 patent, is drawn to a corn plant which 
comprises a single gene conversion, wherein the gene confers enhanced yield 
stability. Thus, contrary to the examiner's assertion it appears, for example, that 
a single gene that confers enhanced yield stability was known in the art prior to 
the filing date of the instant application. We remind the examiner "a patent need 
not teach, and preferably omits, what is well known in the art." Hybritech 
Incorporated v. Monoclonal Antibodies, Inc. 802 F.2d 1367, 1385, 231 USPQ 81, 
94 (Fed. Cir. 1986). 

We remind the examiner that the inquiry into Whether the description 
requirement is met must be determined on a case-by-case basis and is a 
question of fact. In re Wertheim , 541 F.2d 257, 262, 191 USPQ 90, 96 (CCPA 
1976). A description as filed is presumed to be adequate; unless or until 
sufficient evidence or reasoning to the contrary has been presented by the 
examiner to rebut the presumption. See e.g. . In re Marzocchi , 439 F.2d 220, 
224, 169 USPQ 367, 370 (CCPA 1971). The examiner, therefore, must have a 
reasonable basis to challenge the adequacy of the written description. 
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Accordingly, it is the examiner who has the initial burden of establishing by a 
preponderance of evidence that a person skilled in the art would not recognize in 
an applicant's disclosure a description of the invention defined by the claims. 
Wertheim , 541 F.2d at 263, 191 USPQ at 97. On this record, the examiner 
provides no evidence to support his assertions. 

Furthermore, we recognize the examiner's assertion (Answer, page 23) 
"that claim 16 as written is drawn to a corn plant which simultaneously is male 
sterile and male fertile, as discussed in the rejection under 35 U[.]S[.]C[. §] 112, 
second paragraph." We disagree with the examiner's construction of the claim 
16. As we understand it, claim 16 is drawn to a corn plant capable of expressing 
all the physiological and morphological characteristics of the corn variety 
1180580 further comprising a nuclear or cytoplasmic gene conferring male 
sterility. In contrast to the examiner's construction of claim 16, the claim is drawn 
to a plant that of the corn variety 1180580 that is male sterile. In this regard, we 
direct the examiner's attention to claim 16 of related Appeal Nos. 2005-1506 and 
2004-2317, which differ from claim 16 on this record only in the variety of corn. 
In addition, we note that the disclosure of Appeal Nos. 2005-1506 and 2004- 
2317 and the instant application are substantially similar. However, in both 
Appeal Nos. 2005-1506 and 2004-2317 the examiner apparently found that 
appellant's specification provided an adequate written description of claim 16 as 
no rejection of this claim was made under the written description provision of 35 
U.S.C. § 1 12, first paragraph. Accordingly, we find that the examiner has treated 
claim 16 in a manner that is inconsistent with the prosecution of similar claims in 
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related applications 09/788,334 and 09/771938, which is the subject matter of 
Appeal Nos. 2004-1506 and 2004-2317 respectively. 

For the foregoing reasons, we are not persuaded by the examiner's 
arguments. 

Claim 31 

Claim 31 is drawn to a method Of producing an inbred corn plant derived 
from the corn variety 1180580. The claimed method begins by crossing a plant of 
the corn variety 1180580 with any other corn plant. The method requires that the 
progeny corn plant be crossed either to itself, or with any other corn plant, and 
that the progeny of this cross be further crossed to itself, or with another corn 
plant, and so on throughout several generations. As we understand it, claim 31, 
in its simplest form, is directed to a method of using a plant of the corn variety 
11 80580 to produce an inbred corn plant. 

Nevertheless, the examiner finds (Answer, page 20), 

[t]he specification fails to disclose or describe any progeny resulting 
from such crosses, wherein said progeny could contain only a small 
portion of the 1180580 genome, it any at all, and wherein said 
progeny would contain a majority of undisclosed and 
uncharacterized genetic material from a multitude of undisclosed 
and uncharacterized parents. Furthermore, no description has 
been provided for the progeny of such crosses with regard to even 
one morphological trait of said progeny containing a majority of 
non-1180580 genetic material. 

As we understand the examiner's argument, not only does appellant have to 
provide a written description of the starting corn plant (1180580), but appellant 
also must look into the future to determine every other potential corn plant that 
someone may wish to cross with the 1180580 corn variety, and provide written 
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descriptive support for not only every other corn plant that could be crossed with 
1180580, but also the resulting progeny of each cross. 

As set forth in Reiffjn, the purpose of the written description requirement is 
to "ensure that the scope of the right to exclude, as set forth in the claims does 
not overreach the scope of the inventor's contribution to the field of art as 
described in the patent specification." Here the method of producing an inbred 
corn plant requires a plant of the corn variety 1180580 be used as the starting 
material. To that end, to satisfy the written description requirement, the inventor 
"must convey with reasonable clarity to those skilled in the art that, as of the filing 
date sought , he or she was in possession of the invention" [emphasis added]. 
Vas-Cath . The examiner has indicated that a claim to a plant of the corn variety 
1180580 is allowable, see e.g. , appellant's claim 5. Therefore, in our opinion, 
there can be no doubt that appellant was in possession of a plant of the corn 
variety 1180580, in addition to a method of using that plant to cross with any 
other corn plant to produce an inbred corn plant as set forth in appellant's claim 
31. 

In our opinion, it matters not what the other corn plants are, or what the 
progeny of a cross between corn variety 1180580 and some other corn plant 
represents. The invention of claim 31 is drawn to the use of the corn variety 
1180580 as the starting material to produce an inbred corn plant. Accordingly, 
for the foregoing reasons, it is our opinion that appellant has "convey[ed] with 
reasonable clarity to those skilled in the art that, as of the filing date sought, [they 
were] in possession of the invention," Vas-Cath (emphasis omitted). 
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Summary 

For the foregoing reasons, we reverse the rejection of claims 16, 24-31 
under the written description provision of 35 U.S.C. § 112. first paragraph. 

Enablement : 

Claims 16 and 24-31 stand rejected under the enablement provision of 35 
U.S.C. § 112, first paragraph. The examiner finds (Answer, page 36), claims 16 
and 24-31 "are broadly drawn to corn plants containing a multitude of exemplified 
or non-exemplified single gene conversions or transgenes of any sequence and 
from any source organism" (claims 16 and 27-30); to "any hybrid corn seed 
produced by the process of crossing the inbred corn plant 1180580 with any 
second, distinct, inbred corn plant, and any hybrid corn plant produced by 
growing said hybrid corn seed" (claims 24-26); to methods of repeatedly crossing 
1180580 with any other undefined non-1180580 parent over multiple generations" 
(claim 30); and to a plant (claim 16) that is simultaneously male fertile and male 
sterile. The examiner presents several lines of argument under this heading. 
We take each in turn. 

|. A plant that is simultaneously male fertile and male sterile : 

According to the examiner (Answer, page 37), "no guidance has been 
provided for how to make an 1180580 corn plant which is simultaneously male 
fertile and male sterile, as claimed in claim 16. As discussed supra , we disagree 
with the examiner's construction of the claim 16. As we understand it, claim 16 
is drawn to a corn plant capable of expressing all the physiological and 
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morphological characteristics of the com variety 1180580 further comprising a 
nuclear or cytoplasmic gene conferring male sterility. In contrast to the 
examiner's construction of claim 16, the claim is drawn to a plant of the corn 
variety 1180580 that is male sterile. The examiner has provided no evidence on 
this record that would suggest that such a plant could not be made. Accordingly, 
we are not persuaded by the examiner's argument. 

In this regard, we direct the examiner's attention to claim 1 6 of related 
Appeal Nos. 2005-1506 and 2004-2317, which differ from claim 16 on this record 
only in the variety of corn. In addition, we note that the disclosure of Appeal 
Nos. 2005-1506 and 2004-2317 and the instant application are substantially 
similar. However, in both Appeal Nos. 2005-1506 and 2004-2317 the examiner 
apparently found that appellant's specification provided an enabling disclosure of 
claim 16 as no rejection of this claim was made under the enablement provision 
of 35 U.S.C. § 1 12, first paragraph. Accordingly, we find that the examiner has 
treated claim 1 6 in a manner that is inconsistent with the prosecution of similar 
claims in related applications 09/788,334 and 09/771938, which is the subject 
matter of Appeal Nos. 2004-1 506 and 2004-231 7 respectively. 

II. Retaining all the genetic and morphological fidelity of 1180580 : 

According to the examiner (Answer, page 40), u [i]t is not clear that single 
loci may be introduced into the genetic background of plant through traditional 
breeding, while otherwise maintaining the genetic and morphological fidelity of 
the original inbred variety...." More specifically, the examiner finds (Answer, 
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page 37), "no guidance has been provided for preventing the introduction of 
unwanted genetic material conferring undesirable agronomic traits from the 
donor breeding partner to 1180580." With reference to Hunsperger, Kraft, and 
Eshed the examiner asserts (Answer, page 47), "[t]he rejection raises the issue 
of how linkage drag hampers the insertion of single genes alone into a plant by 
backcrossing, while recovering all of the original plant's genome." 

We note, however, that claims 24-31 do not require that the hybrid, or 
single locus conversion plant retain all of the morphological and physiological 
traits of the parent plant in addition to exhibiting the single trait conferred by the 
introduction of the single loci. Nor do claims 27-30 require that the resultant 
plant retain all of the original plant's genome in addition to the single locus 
transferred into the inbred via the backcrossing technique. 

As appellant explains (specification, page 28, emphasis added), 

[t]he term single locus converted plant as used herein refers to 
those com plants which are developed by a plant breeding 
technique called backcrossing wherein essentially all of the desired 
morphological and physiological characteristics of an inbred are 
recovered in addition to the single locus transferred into the inbred 
via the backcrossing technique. 

See also appellant's definition of single locus converted (conversion) plant at 

page 22 of the specification. We find nothing in the appellant's specification to 

indicate that the single locus converted plant retains all of the morphological and 

physiological traits, or all of the genome, of the parent plant in addition to the 

single locus transferred via the backcrossing technique. Accordingly, we 

disagree with the examiner's assertions to the contrary. 
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Further, as discussed supra , claim 16 is drawn to a corn plant capable of 
expressing all the physiological and morphological characteristics of the corn 
variety 1180580, further comprising a nuclear or cytoplasmic gene conferring 
male sterility. In this regard, we note that appellant's specification discloses 
(page 31), "[examples of male-sterility genes and corresponding restorers which 
could be employed with the inbred of the invention as well known to those of skill 
in the art of plant breeding and are disclosed in, for instance, U.S. Patent No. 
5,530,191; U.S. Patent No. 5,689,041; U.S. Patent No. 5,741,684; and U.S. 
Patent No. 5,684,242...." We find no evidence in the Answer to suggest this 
disclosure in appellant's specification is incorrect, or insufficient. In addition, we 
note that the examiner's rejection of claim 16 is inconsistent with the manner in 
which a similar claim was treated in related applications 09/788,334 and 
09/771,938, the subject matter of Appeal Nos. 2004-1506 and 2004-2317 
respectively. Claim 16 of related applications 09/788,334 and 09/771,938. 
differs from claim 16 of the instant application only with regard to the corn 
variety. Nevertheless, while the disclosure in these related applications is 
substantially similar to the disclosure of the instant application, claim 16 was not 
rejected under the enablement provision of 35 U.S.C. § 1 12, first paragraph, in 
either of related applications 09/788,334 or 09/771,938. 

Further, we recognize appellant's argument (Brief, page 25) that the 
examiner failed to establish a nexus between Hunsperger's discussion of 
petunias; Kraft's discussion of sugar beets; and Eshed's discussion of tomatoes, 
and the subject matter of the instant application - corn. Absent evidence to the 
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contrary, we agree with appellant (Reply Brief, page 10), "[t]he [examiner's] 

indication 1 ' 41 that the references concerning petunias, sugar beets and tomatoes 

apply to corn is made without any support." That the examiner has failed to 

identify (Answer, page 47) an example "in the prior art of plants in which linkage 

drag does not occur," does not mean that linkage drag is expected to occur in 

corn breeding, which according to appellant (Reply Brief, page 9) "is extremely 

advanced and well known in the art...." In this regard, we agree with appellant 

(Brief, pages 21-22; Accord Reply Brief, page 10), the examiner has improperly 

placed the burden on appellant to demonstrate that the examiner's unsupported 

assertion is not true. We remind the examiner, as set forth in In re Wright . 999 

F.2d 1557, 1561-62, 27 USPQ2d 1510, 1513 (Fed. Cir. 1993): 

When rejecting a claim under the enablement requirement of 
section 1 12, the PTO bears an initial burden of setting forth a 
reasonable explanation as to why it believes that the scope of 
protection provided by that claim is not adequately enabled by the 
description of the invention provided in the specification of the 
application; this includes, of course, providing sufficient reasons for 
doubting any assertions in the specification as to the scope of 
enablement. 

III. The single locus to be introduced : 

The examiner finds (Answer, page 44), "the claims do not place any limit 
on the single locus conversions or transgenes to be introduced" into 1180580 
plants. The examiner recognizes, however, that "[t]he prior art shows that 
hundreds of nucleotide sequences encoding products that confer various types 



u See Answer page 47, wherein the examiner asserts "[IJinkage drag appears to be a 
phenomenon that occurs in all plant types." 



Appeal No. 2005-0396 Page 30 

Application No. 10/077.589 

of plant traits have been isolated at the time the instant invention was filed." Id. 
In addition, the examiner recognizes (id.), "[o]ne skilled in the art can transform 
any of these isolated nucleotide sequences known in the prior art into a corn 
plant cell, and regenerate a transgenic plant from the transformed cell." 

Nevertheless, the examiner finds (Answer, page 45), "[u]ndue 
experimentation would be required by one skilled to make and use the claimed 
invention." In this regard, the examiner asserts (Answer, page 44) that the 
claims broadly encompass corn plants comprising any type of single loci, 
including those that have not yet to be isolated. To the extent that the examiner 
is asserting that appellant has not provided an enabling disclosure of single loci 
that have not been identified, we note that enablement under 35 U.S.C. § 112, 
first paragraph is evaluated as of appellant's filing date. As set forth in Chiron 
Com, v. Genentech Inc. , 363 F.3d 1247, 1254, 70 USPQ2d 1321 , 1325-26 (Fed. 
Cir. 2004), "a patent document cannot enable technology that arises after the 
date of application. The law does not expect an applicant to disclose knowledge 
invented or developed after the filing date. Such disclosure would be impossible. 
See In re Hogan , 559 F.2d 595, 605-06 [194 USPQ 527] (CCPA 1977)." 

The examiner's comment, however, may be directed to his assertion 
(Answer, page 44) that "isolated genes whose products confer yield 
enhancement, enhanced yield stability, improved nutritional content, or industrial 
usage, are not known in the prior art." However, as discussed, supra , it appears 
that contrary to the examiner's assertion a single locus that confers the trait of, 
for example, yield enhancement was known in the art prior to the filing date of 
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the instant invention. In addition, as discussed, supra , appellant's specification 

asserts that such traits were known in the art. See specification, page 31. 

Accordingly, as set forth in In re Marzocchi , 439 F.2d 220, 224, 169 USPQ 367, 

370 (CCPA 1971), the burden is on 

the Patent Office, whenever a rejection on this basis is made, to 
explain why it doubts the truth or accuracy of any statement in a 
supporting disclosure and to back up assertions of its own with 
acceptable evidence or reasoning which is inconsistent with the 
contested statement. Otherwise, there would be no need for the 
applicant to go to the trouble and expense of supporting his 
presumptively accurate disclosure. 

On this record, we find only the examiner's unsupported conclusions as to 
why the specification does not enable the claimed invention. We remind the 
examiner that nothing more than objective enablement is required, and therefore 
it is irrelevant whether this teaching is provided through broad terminology or 
illustrative examples. Marzocchi , 439 F.2d at 223, 169 USPQ at 369. In the 
absence of an evidentiary basis to support the rejection, the examiner has not 
sustained his initial burden of establishing a prima facie case of non-enablement. 
In this regard, we note that the burden of proof does not shift to appellant until 
the examiner first meets his burden. Marzocchi , 439 F.2d at 223-224, 169 
USPQ at 369-370. 

We also recognize the examiner's assertion (Answer, bridging paragraph, 
pages 44-45) that "transgene or single locus conversion DNA, as broadly 
interpreted, includes isolated genes whose functions are not known ... [or where] 
the effects of transgene or single locus conversion expression on the traits 
expressed by untransformed or unconverted 1180580 are unknown." While this 
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may be true, the examiner has hot provided any evidence to suggest that it 
would require undue experimentation to obtain a single locus converted plant 
wherein essentially all of the desired morphological and physiological 
characteristics of an inbred are recovered in addition to the characteristics 
conferred by the single locus transferred into the inbred via the backcrossing 
technique. See specification, bridging paragraph, pages 28-29. 

While it is not expressly stated in the text of the examiner's rejection, it 
may be that the examiner is concerned that the claims include inoperative 
embodiments. If so, the examiner is directed to Atlas Powder Co. v. E.I. DuPont 
De Nemours & Co. , 750 F.2d 1569, 1576-77, 224 USPQ 409, 414 (Fed. Cir. 
1984): 

Even if some of the claimed combinations were inoperative, the 
claims are not necessarily invalid. "It is not a function of the claims 
to specifically exclude ... possible inoperative substances...." In re 
Dinh-Nguven . 492 F.2d 856, 859-59, 181 USPQ 46, 48 (CCPA 
1974)(emphasis omitted). Accord . In re Geerdes . 491 F.2d 1260, 
1265, 180 USPQ 789, 793 (CCPA 1974); In re Anderson . 471 F.2d 
1237, 1242, 176 USPQ 331, 334-35 (CCPA 1971). Of course, if 
the number of inoperative combinations becomes significant, and in 
effect forces one of ordinary skill in the art to experiment unduly in 
order to practice the claimed invention, the claims might indeed be 
invalid. See e^, In re Cook , 439 F.2d 730, 735, 169 USPQ 298, 
302 (CCPA 1971). 

On this record, the examiner provides no evidence that the number of 
inoperative embodiments is so large that a person of ordinary skill in the art 
would have to experiment unduly to practice the claimed invention. To the 
contrary, the examiner recognizes (Answer, page 44) that "[t]he prior art shows 
that hundreds of nucleotide sequences encoding products that confer various 
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types of plant traits have been isolated at the time the instant invention was 
filed"; and that "[o]ne skilled in the art can transform any of these isolated 
nucleotide sequences known in the prior art into a corn plant cell, and regenerate 
a transgenic plant from the transformed cell." Accordingly, we are not persuaded 
by the examinees unsupported assertions. 

For the foregoing reasons, we reverse the rejection of claims 27-30 under 
the enablement provision of 35 U.S.C. § 1 12, first paragraph. 

OTHER ISSUES 

As discussed supra , n. 5, we understand claims 24 and 25 to refer to F n 
hybrids. In this regard, we note that similar claims, directed to a different corn 
variety, were presented for our review in Appeal Nos. 2004-1506 and 2004- 
2317. During the oral hearing in Appeal Nos. 2004-1506 and 2004-2317, 
appellant's representative confirmed that all claims drawn to hybrid plants or 
hybrid seeds (see e.g. , claims 24 and 25) refer to F t hybrids. Further, based on 
our understanding of claim 25, claim 26 before us on appeal fails to further limit 
claim 25 from which it depends. Accordingly, prior to any further action on the 
merits, we encourage the examiner and appellant to work together to resolve this 
issue. 
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SUMMARY 



We reverse the rejection of claims 3, 6, 1 1 , 15-20, and 27-30 under 35 
U.S.C. § 112, second paragraph. 

We reverse the rejection of claims 16, and 24-31 under the written 
description provision of 35 U.S.C. § 1 12, first paragraph. 

We reverse the rejection of claims 16, and 24-31 under the enablement 
provision of 35 U.S.C. § 112, first paragraph. 

As noted in the "Other Issues," claim 26 does not appear to further limit 
the claim from which it depends. 



REVERSED 




Toni R. Scheiner 
Administrative Patent Judge 
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ABSTRACT 



According to the invention, there is provided an inbred com 
plant designated 87D1A4. This invention thus relates to the 
plants, seeds and tissue cultures of the inbred corn plant 
87D1A4, and to methods for producing a corn plant pro- 
duced by crossing the inbred plant 87DIA4 with itself or 
with another corn plant, such as another inbred. This inven- 
tion further relates to com seeds and plants produced by 
crossing the inbred plant 87D1A4 with another com plant, 
such as another inbred, and to crosses with related species. 
This invention further relates to the inbred and hybrid 
genetic complements of the inbred corn plant 87DIA4, and 
also to the RFLP and genetic isozyme typing profiles of 
inbred corn plant 87D1A4. 

39 Claims, No Drawings 
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INBRED CORN PLANT 87DLA4 AND SEEDS breeding population. Superior plants thai are the products of 

THEREOF ,nesc crosses are selfed and selected in successive genera- 
tions. Each succeeding generation becomes more homoge- 

The present application claims the priority of co-pending neous as a ' esuJl of self-pollination and selection. Typically, 

U.S. Provisional Patent Application Serial No. 60/037,305, 5 this method of breeding involves five or more generations of 

filed Feb. 5, 1997, the entire disclosure of which is incor- s A c ] fin & a " d selection: S^S.; S,-^; S 3 -S j; S„-S etc. 

poratcd herein by reference without disclaimer. Af,cr . al f as1 fivc g«*™»™. »he inbred plant is considered 

1 J genetically pure. 

BACKGROUND OF THE INVENTION Backcrossing can also be used to improve an inbred plant. 

30 Backcrossing transfers a specific desirable trait from one 

I. Technical Field of the Invention inbred or other source to an inbred that lacks that trait. This 

The present invention relates to the field of corn breeding. ca " be accomplished for example by first crossing a superior 

In particular, the invention relates to the inbred corn seed inDrcd ( A ) (moment parent) to a donor inbred (non- 

and plant designated 87D1A4, and derivatives and tissue recurrent parent), which carries the appropriate genc(s) for 

cultures of such inbred plant. 15 |he trait in question. The progeny of this cross are then mated 

back to the superior recurrent parent (A) followed bv 

]]. Description of the Background Art selection in the resultant progeny for the desired trait to be 

The goal of field crop breeding is to combine various transferred from the non-recunent parent. Ailer five or more 

desirable traits in a single variety/hybrid. Such desirable backcross generations with selection for the desired trail, the 

traits include greater yield, better stalks, better roots, resis- progeny are heterozygous for loci controlling the character- 

tance to insecticides, herbicides, pests, and disease, toler- 20 istic being transferred, but are like the superior parent for 

ance to heal and drought, reduced time to crop maturity, most or almost all other genes. The last backcross generation 

better agronomic quality, and uniformity in germination would be selfed to give pure breeding progeny for the 

times, stand establishment, growth rate, maturity, and fruit gene(s) being transferred. 

S1ZC A single cross hybrid corn variety is the cross of two 

Breeding techniques take advantage of a plant's method » inbred plants, each of which .has agenolype which comple- 

of pollination. There are two general methods of pollination: e ° f ' he ,°' he '- ™ e ^"\ d P"* e f* of ,be 

\ xc 4i . -r ii * a • « -t ~a firsl generation is designated F,. Preferred F, hybrids are 

a plant self-pollinates if pollen from one flower is transferred morc ^ rous !han lh £ ^parents. TCs \£ M vigor , 

to the same or another flower of the same plant. A plant of he|crosis js m ^ sXz6 in maDy picnic traits, includ- 

cross-pollinates if pollen comes to H from a flower on a ^ ing markcdly irnprovcd highcr yiclds , bcllcr slalk ^ bcUer 

different plant. roots, better uniformity and better insect and disease resis- 

Corn plants (Zea mays L.) can be bred by both self- tance. In the development of hybrids only the Fj hybrid 

pollination and cross-pollination. Both types of pollination planis are sought. An F J single cross hybrid is produced 

involve the com plant's flowers. Corn has separate male and when two inbred planis are crossed. A double cross hybrid 

female flowers on the same plant, located on the tassel and 35 is produced from four inbred planis crossed in pairs (AxB 

the ear, respectively. Natural pollination occurs in corn when and CxD) and then the two F 1 hybrids are crossed again 

wind blows pollen from the tassels to the silks that protrude (AxB)x(CxD). 

from the tops of the ear shoot. The development of a hybrid corn variety involves three 

Planis thai have been self-pollinated and selected for type sle J? : W {h f selection of plants from various germplasm 

over many generations become homozygous at almost all 40 P«*; (2) ^ *lfing of the selected plants for several 

i • a a t ~ ^r.™ k^*^;«« generations to produce a series of inbred planis, which, 

gene toe, ana proauce a umtorm popu.auon o. ,me oreeomg - fc m ^ ^ ^ each ^ 

true and are 

progeny, a homozygous plant. A cross between two such w „ ^ { ^ } cj ^ 
homozygous plants produce a uniform population of hybrid ^ unre j atcc1 inbred ]anls lQ |hc h brW £ 
planis lhat are heterozygous for many gene loci. Conversely, ^ lhe i nbr eedirig process in corn, the vigor of the 
a cross of two plants each heterozygous al a number of gene 45 pUms decreases. - Vigor is restored when two unrelated 
loci produces a population of hybrid plants that differ inbred planis are crossed to produce the hybrid progeny (F } ). 
genetically and are not uniform. The resulting non- An important consequence of the homozygosity and homo- 
uniformity makes performance unpredictable. gencity of the inbred plants is that the hybrid between any 

The development of uniform com plant hybrids requires two inbreds is always the same. Once the inbreds thai give 
the development of homozygous inbred plants, the crossing 50 a superior hybrid have been identified, hybrid seed can be 
of these inbred plants, and the evaluation of the crosses. reproduced indefinitely as long as the homogeneity of the 
Pedigree breeding and recurrent selection are examples of inbred parents is maintained. Conversely, much of the 
breeding methods used to develop inbred plants from breed- hybrid vigor exhibited by Fj hybrids is lost in the nexi 
ing populations. "Those breeding methods combine the generation (F^. Consequently, seed from hybrid varieties is 
genetic backgrounds from two or more inbred plants or 55 not used for planting stock. It is not generally beneficial for 
various oiber broad-based sources into breeding pools from fanners to save seed of F 3 hybrids. Rather, farmers purchase 
which new inbred plants are developed by selling and Fj hybrid seed for planting every year, 
selection of desired pbenotypes. The new inbreds are Norih American farmers plant over 70 million acres of 
crossed with other inbred planis and the hybrids from these corn at the present lime and there are extensive national and 
crosses are evaluated to determine which of those have international commercial com breeding programs. A con- 
commercial potential. tinuing goal of these corn breeding programs is to develop 

The pedigree breeding method for single-gene trails bigb-yielding com hybrids that arc based on stable inbred 

involves crossing two genotypes. Each genotype can have planis that maximize the amount of grain produced and 

one or more desirable characieris lies lacking in lhe other; or, minimize susceptibility to environmental stresses. To 

each genotype can complement the other. If the two original 65 accomplish this goal, the corn breeder must select and 

parental genotypes do not provide all of the desired develop superior inbred parental plants for producing 

characteristics, other genotypes can be included in the hybrids. 
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SUMMARY OF THE INVENTION 

In one aspect, ihe present invention provides a corn plant 
designated 87DIA4. Also provided are corn plants having all 
the physiological and morphological characteristics of corn s 
plant 87D1A4. 

The inbred corn plant of the invention may further 
comprise, or have, a cytoplasmic factor that is capable of 
conferring male sterility. Pans of the com plant of the 
present invention are also provided, such as, e.g., pollen 30 
obtained from an inbred plant and an ovule of the inbred 
plant. 

The invention also concerns seed of the corn plant 
87DIA4, which has been deposited with the ATCC. The 
invention thus provides inbred corn seed designated 
87D1A4, and having ATCC Accession No. 203192. 

The inbTed corn seed of the invention may be provided as 
an essentially homogeneous population of inbred corn seed 
designated 87D1A4. 

Essentially homogeneous populations of inbred seed are 
those that consist essentially of the particular inbred seed, 
and are generally purified free from substantial numbers of 
other seed, so that the inbred seed forms between about 90% 
and about 300% of the total seed, and preferably, between 
about 95% and about 100% of the total seed. Most 
preferably, an essentially homogeneous population of inbred 
corn seed will contain between about 985%, 99%, 99.5% 
and about 100% of inbred seed, as measured by seed grow 
outs. 

In any event, even if a population of inbred corn seed was 
found, for some reason, to contain about 50%, or even about 
20% or 15% of inbred seed, this would still be distinguished 
from the small fraction of inbred seed that may be found 
within a population of hybrid seed, e.g., within a bag of ^ 
hybrid seed. In such a bag of hybrid seed offered for sale, the 
Governmental regulations require that the hybrid seed be at 
least about 95% of the total seed. In the practice of the 
present invention, the hybrid seed generally forms at least 
about 97% of the total seed. In the most preferred practice 4{J 
of the invention, the female inbred seed that may be found 
within a bag of hybrid seed will be about 1% of the total 
seed, or less, and the male inbred seed that may be found 
within a bag of hybrid seed will be negligible, i.e., will be 
on the order of about a maximum of 1 per 100,000, and 4J 
usually less than this value. 

The population of inbred corn seed of the invention is 
further particularly defined as being essentially free from 
hybrid seed. The inbred seed population may be separately 
grown to provide an essentially homogeneous population of 50 
inbred corn plant designated 87DIA4. 

In another aspect, the present invention provides for 
single gene converted plants of 87D1A4. The single trans- 
ferred gene may preferably be a dominant or recessive allele. 
Preferably, the single transferred gene will confer such traits 55 
as male sterility, herbicide resistance, insect resistance, 
resistance for bacterial, fungal, or viral disease, male 
fertility, enhanced nutritional quality, and industrial usage. 
The single gene may be a naturally occurring maize gene or 
a transgene introduced through genetic engineering lech- 6 o 
niques. 

. In another aspect, the present invention provides a tissue 
culture of regenerable cells of inbred corn plant 87DLA4. 
The tissue culture will preferably be capable of regenerating 
plants having the physiological and morphological charac- 65 
teristics of the foregoing inbred com plant, and of regener- 
ating plants having substantially the same genotype as the 
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foregoing inbred com plant. Preferably, the regenerable cells 
in sucb tissue cultures will be embryos, protoplasts, mer- 
istematic cells, callus, pollen, leaves, anthers, roots, root 
lips, silk, flowers, kernels, ears, cobs, busks or stalks. Still 
further, the present invention provides corn plants regener- 
ated from the tissue cultures of the invention. 

In yet another aspect, the present invention provides 
processes for preparing corn seed or plants, which processes 
generally comprise crossing a first parent corn plant with a 
second parent corn plant, wherein at least one of the first or 
second parent com plants is the inbred com plant designated 
87D1A4. These processes may be further exemplified as 
processes for preparing hybrid com seed or plants, wherein 
a first inbred com plant is crossed with a second, distinct 
5 * inbred corn plant to provide a hybrid that has, as one of its 
parents, the inbred corn plant 87DIA4. 

In a preferred embodiment, crossing comprises planting, 
in pollinating proximity, seeds of the first and second parent 
corn plant, and preferably, seeds of a first inbred corn plant 
20 and a second, distinct inbred corn plant; cultivating or 
growing the seeds of said first and second parent corn plants 
into plants that bear flowers; emasculating the male flowers 
of the first or second parent corn plant, i.e., treating the 
flowers so as to prevent pollen production, in order lo 
25 produce an emasculated parent com plant; allowing natural 
cross-pollination to occur between the first and second 
parent corn plants; and harvesting the seeds from the emas- 
culated parent corn plant. Where desired, the harvested seed 
is grown lo produce a corn plant or hybrid corn plant. 

The present invention also provides corn seed and plants 
produced by a process that comprises crossing a first parent 
corn plant with a second parent corn plant, wherein at least 
one of the first or second parent corn plants is the inbred corn 
plant designated 87D1A4. In one embodiment, corn plants 
produced by the process are first generation (Fj) hybrid com 
plants produced by crossing an inbred in accordance with 
the invention with another, distinct inbred. The present 
invention further contemplates seed of an Fj hybrid com 
plant. 

In certain exemplary embodiments, the invention pro- 
vides an F 3 hybrid corn plant and seed thereof, which hybrid 
corn plant is designated 4033843, having 871DIA4 as one 
inbred parent. 

Id yet a further aspect, the invention provides an inbred 
genetic complement of the corn plant designated 87DIA4. 
The phrase "genetic complement" is used to refer to the 
aggregate of nucleotide sequences, the expression of which 
sequences defines the phenotype of, in the present case, a 
corn plant, or a cell or tissue of that plant. An inbred genetic 
complement thus represents the genetic make up of an 
inbred cell, tissue or plant, and a hybrid genetic complement 
represents the genetic make up of a hybrid cell, tissue or 
plant. The invention thus provides com plant cells that have 
a genetic complement in accordance with the inbred corn 
plant cells disclosed herein, and plants, seeds and diploid 
plants containing such cells. 

Plant genetic complements may be assessed by genetic 
marker profiles, and by the expression of phenotypic trails 
that are characteristic of the expression of the genetic 
complement, e.g., isozyme typing profiles. Thus, such com 
plant cells may be defined as having an RFLP genetic 
marker profile in accordance with the profile shown in Table 
8, or a genetic isozyme typing profile in accordance with the 
profile shown in Table 9, or having both an RFLP genetic 
marker profile and a genetic isozyme typing profile in 
accordance with the profiles shown in Tables 8 and 9. 



3/2/05, EAST Version: 2.0.1.4 



5,936,145 



Id another aspect, ihc present invention provides hybrid 
genetic complements, as represented by corn plant cells, 
tissues, plants and seeds, formed by the combination of a 
haploid genetic complement of an inbred corn plant of the 
invention with a haploid genetic complement of a second 
corn plant, preferably, another, distinct inbred com plant. In 
another aspect, the present invention provides a com plant 
regenerated from a tissue culture that comprises a hybrid 
genetic complement of ibis invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
I. DEFINITIONS 

Barren Plants: Plants that are barren, i.e., lack an ear with 

grain, or have an ear with only a few scattered kernels. 
Cg: Colletotrichum graminicola rating. Rating times 10 is 

approximately equal to percent total plant infection. 
CLN: Corn Lethal Necrosis (combination of Maize 

(Chlorotic Mottle Virus and Maize Dwarf Mosaic 

virus) rating: numerical ratings are based on a severity 

scale where Inmost resistant to 9«=susceptible. 
Cn: Corynebaaerium nebraskense rating. Rating times 1 0 

is approximately equal to percent total plant infection. 
Cz: Cercospora zeae-maydis rating. RatiDg times 10 is 

approximately equal to percent total plant infection. 
Dgg: Diotraea grandiose! la girdling rating (values are 

percent plants girdled and stalk lodged). 
Dropped Ears: Ears that have fallen from the plant lo the 

ground. 

Dsp: Diabrotica species root ratings (1 -least affected lo 

9-severe pruning). 
Ear-Attitude: The attitude or position of the ear at harvest 

scored as upright, horizontal, or pendant. 
Ear-Cob Color: The color of the cob, scored as white, 

pink, red, or brown. 
Ear-Cob Diameter: The average diameter of the cob 

measured at the midpoint. 
Ear-Cob Strength: A measure of mechanical strength of 

the cobs to breakage, scored as strong or weak. 
Ear-Diameter: The average diameter of the ear at its 

midpoint. 

Ear-Dry Husk Color: The color of the husks at harvest 

scored as buff, red, or purple. 
Ear-Fresh Husk The color of the husks 1 to 2 weeks after 

pollination scored as Color: green, red, or purple. 
Ear-Husk Bract: The length of an average husk leaf scored 

as short, medium, or long. 
Ear-Husk Cover: The average distance from the tip of the 

ear to the lip of the husks. Minimum value no less than 

zero. 

Ear-Husk Opening: An evaluation of husk lightness at 
harvest scored as light, intermediate, or open. 

Ear-Lcnglh: The average length of the ear. 

Ear-Number Per The average number of ears per plant. 
Stalk: 

Ear-Shank The average number of inlernodes on the ear 

shank. Inlernodes: 
Ear-Shank Length: The average length of the ear shank. 
Ear-Shelling Percent: The average of the shelled grain 

weight divided by the sum of the shelled grain weight 

and cob weight for a single car. 
Ear-Silk Color: The color of the silk observed 2 to 3 days 

after silk emergence scored as green-yellow, yellow, 

pink, red, or purple. 
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Ear-Taper (Shape): The taper or shape of the car scored as 

conical, semi-conical, or cylindrical. 
Ear-Weight: The average weight of an ear. 
Early Stand: The percent of plants that emerge from the 

ground as determined in the early spring. 
ER: Ear rot rating (values approximate percent ear rolled). 
Final Stand Count: The number of plants just prior to 

harvest. 

GDUs to Shed: The number of growing degree units 
(GDUs) or heat units required for an inbred line or 
hybrid to have approximately 50 percent of the plants 
shedding pollen as measured from time of planting. 
Growing degree units are calculated by the Barger 
Method, where the heal units for a 24- hour period are 
calculated as GDUs-[ Maximum daily temperature* 
Minimum daily temperature)/2)-50. The highest maxi- 
mum daily temperature used is 86 degrees Fahrenheit 
and the lowest minimum temperature used is 50 
degrees Fahrenheil. GDUs to shed is then determined 
by summing the individual daily values from planting 
dale lo ibe date of 50 percent pollen shed. 

GDUs lo Silk: The number of growing degree units for an 
inbred line or hybrid to have approximately 50 percent 
of the plants with silk emergence as measured from 
time of planting. Growing degree units are calculated 
by the same methodology as indicated in the GDUs to 
shed definition. 

Hc2: hielminthosporium carbonum race 2 rating. Rating 
limes 10 is approximately equal to percent total plant 
infection. 

Hc3: Helminihosporium carbonum race 3 rating. Rating 
times 10 is approximately equal lo percent total plant 
infection. 

Hm: Helminihosporium maydis race 0 rating. Rating 
times 10 is approximately equal to percent total plant 
infection. 

Ml: Helminihosporium turcicum race 1 rating. Rating 
tiroes 10 is approximately equal to percent total plant 
infection. 

Ht2: Helminihosporium turcicum race 2 rating. Rating 
tiroes 10 is approximately equal to percent total plant 
infection. 

HtG: +*Presence of Hi chlorotic-lesion lype resistance. 
Rating times 10 is approximately equal to percent total 
plant infection. --Absence of a Hi chlorotic-lesion 
type resistance. Rating times 10 is approximately equal 
to percent total plant infection. +/— Segregation of a Ht 
chlorotic-lesion type resistance. Rating times 10 is 
approximately equal to percent total plant infection. 

Kernel-Aleuronc The color of Ibe aleurone scored as 
white, pink, tan, brown, Colon bronze, red, purple, pale 
purple, colorless, or variegated. 

Kernel-Cap Color: The color of the kernel cap observed 
at dry stage, scored as white, lemon-yellow, yellow or 
orange. 

Kernel-Endosperm The color of the endosperm scored as 

while, pale yellow, or Color: yellow. 
Kernel-Endosperm The type of endosperm scored as 

normal, waxy, or opaque. Type: 
Kernel-Grade: The percent of kernels thai are classified as 

rounds. 

Kernel-Length: The average distance from the cap of the 

kernel to the pedicel. . 
Kernel-Number Per Tbe average number of kernels in a 

single row. Row: 
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Kernel-Pericarp The color of ihc pericarp scored as 

colorless, red- white crown, lan, Color: bronze, brown, 

light red, cherry red, or variegated. 
Kernel-Row The direction of the kernel rows on the ear 

scored as straight, Direction: slightly curved, spiral, or 5 

indistinct (scattered). 
Kernel-Row Number: The average number of rows of 

kernels on a single ear. 
Kernel-Side Color: The color of the kernel side observed 

at the dry stage, scored as white, pale yellow, yellow, 

orange, red, or brown. 
Kernel-Thickness: The distance across the nanow side of 

the kernel. 

Kernel-Type: The type of kernel scored as dent, flint, or J5 
intermediate. 

Kernel- Weight: The average weight of a predetermined 
number of kernels. 

Kernel- Width: The distance across the flat side of the 
kernel. 20 

K2: Kabatiella ieae rating. Rating times 10 is approxi- 
mately equal to percent total plant infection. 

Leaf- Angle: Angle of the upper leaves to the stalk scored 
as upright (0 to 30 degrees), intermediate (30 to 60 
degrees), or lax (60 to 90 degrees). }j 

Leaf-Color: The color of the leaves 1 to 2 weeks after 
pollination scored as light green, medium green, dark 
green, or very dark green. 

Leaf- Length: The average length of the primary ear leaf. 3Q 

Leaf-Longitudinal A rating of the number of longitudinal 
creases on the leaf surface 1 Creases: to 2 weeks after 
pollination. Creases are scored as absent, few, or many. 

Leaf- Marginal A rating of the waviness of the leaf margin 
1 to 2 weeks after Waves: pollination. Rated as none, 35 
few, or many. 

Leaf-Number: The average number of leaves of a mature 

plant. Counting begins with the cotyledonary leaf and 

ends with the flag leaf. 
Leaf-Sheath A rating of the level of anthocyanin in the 40 

leaf sheath 1 to 2 weeks Anthocyanin: after pollination, 

scored as absent, basal-weak, basal-strong, weak or 

strong- 
Leaf-Sheath A rating of the pubescence of the leaf sheath. 

Ratings are taken 1 Pubescence: to 2 weeks after 45 

pollination and scored as light, medium, or heavy. 
Leaf- Width: The average width of the primary ear leaf 

measured at its widest point. 
LSS: Late season standability (values times 10 approxi- JQ 

mate percent plants lodged in disease evaluation plots). 
Moisture: The moisture of the grain at harvest. 
Onl; Ostrinia nubilalis 1st brood rating (l~resistanl to 

9 -susceptible). 

On2: Osirinio nubilalis 2nd brood rating (1= resistant to 55 
9-susceptiblc). 

Relative Maturity: A maturity rating based on regression 
analysis. The regression analysis is developed by uti- 
lizing check hybrids and their previously established 
day rating versus actual harvest moistures. Harvest 60 
moisture on the hybrid in question is determined and 
that moisture value is inserted into the regression 
equation to yield a relative maturity. 

Root Lodging: Root lodging is the percentage of plants 
that root lodge. A plant is counted as root lodged if a 65 
portion of the plant leans from the vertical axis by 
approximately 30 degrees or more. 
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Seedling Color: Color of leaves at the 6 to 8 leaf stage. 

Seedling Height: Plant height at the 6 to 8 leaf stage. 

Seedling Vigor: A visual rating of the amount of vegeta- 
tive growth on a 1 to 9 scale, where ] equals best. The 
score is taken when the average entry in a trial is at the 
fifth leaf stage. 

Selection Index: The selection index gives a single mea- 
sure of hybrid's worth based on information from 
multiple traits. One of the traits that is almost always 
included is yield. Trails may be weighted according to 
the level of importance assigned to them. 

Sr: Sphacelotheca rei liana rating is actual percent infec- 
tion. 

Stalk- Anthocyanin: A rating of the amount of anthocyanin 
pigmentation in the stalk. The stalk is rated 1 to 2 weeks 
after pollination as absent, basal-weak, basal-strong, 
weak, or strong . 

Stalk-Brace Root The color of the brace roots observed 1 
to 2 weeks after pollination Color: as green, red, or 
purple. 

Stalk-Diameter: The average diameter of the lowest vis- 
ible internode of the stalk. 

Stalk-Ear Height: The average height of the ear measured 
from the ground to the point of attachment of the ear 
shank of the top developed ear to the stalk. 

Slalk-lnternode The direction of the stalk internode 
observed after pollination as Direction: straight or 
zigzag. 

Stalk-lmernode The average length of the internode above 
the primary ear. Length: 

Stalk Lodging: The percentage of plants that did stalk 
lodge. Plants are counted as stalk lodged if the plant is 
broken over or off below the ear. 

Stalk-Nodes With The average number of nodes having 
brace roots per plant. Brace Roots: 

Stalk-Plant Height: Trie average height of the plant as 
measured from the soil to the tip of the tassel. 

Stalk-Tillers: The percent of plants that have tillers. A 
tiller is defined as a secondary shoot that has developed 
as a tassel capable of shedding pollen. 

Staygreen: Staygreen is a measure of general plant health 
near the time of black layer formation (physiological 
maturity). It is usually recorded at the time the car 
husks of most entries within a trial have turned a mature 
color. Scoring is on a ] to 9 basis where 1 equals best. 

STR: Stalk rol rating (values represent severity rating of 
1-25 percent of inoculated internode rotted to 9«*cntirc 
stalk rotted and collapsed). 

SVC: Southeastern Virus Complex combination of Maize 
Chlorolic Dwarf Virus and M aize Dwarf Mosaic Virus) 
rating; numerical ratings are based on a severity scale 
where l=mosl resistant to 9=susceplible (1988 reac- 
tions are largely Maize Dwarf Mosaic Virus reactions). 

Tassel-Anther Color: The color of the anthers at 50 
percent pollen shed scored as green-yellow, yellow, 
pink, red, or purple. 

Tassel-Attitude: The attitude of the lassel after pollination 
scored as open or compact. 

Tassel-Branch Angle: The angle of an average tassel 
branch to the main stem of the lassel scored as upright 
(1 ess than 30 degrees), intermediate (30 to 45 degrees), 
or lax (greater than 45 degrees). 

Tassel-Branch The average number of primary lassel 
branches. Number. 
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Tassel-Glume Band: The closed anthocyanin band at The primary structure and/or electrophorelic mobility. The dif- 

base of the glume scored as present or absent. feiences between isozymes arc under single gene, codomi- 

Tassel-Glume Color: The color of the glumes at 50 nam control. Consequently, electrophorelic separation to 

percent shed scored as green, red, or purple. produce band patterns can be equated lo different alleles at 

Tassel-Length: The length of the tassel measured from the 5 the, DNA level. Structural differences thai do not alter 

base of the bottom lassel branch lo the tassel lip. charge cannot be detected by this method. 

Tassel-Peduncle The average lenglh of the tassel Isozyme typing profile refers to a profile of band patterns 

peduncle, measured from the base Length: of the flag of isozymes separated by electrophoresis that can be equaled 

leaf to the base of the bottom lassel branch. to different alleles at the DNA level. 

Tassel-Pollen Shed: A visual rating of pollen shed deter- Linkage refers to a phenomenon wherein alleles on the 

mined by tapping ihe lassel and observing the pollen same chromosome lend to segregate together more often 

flow of approximately five plants per entry. Rated on a man expected by chance if their transmission was indepen- 

1 lo 9 scale where 9=slerile, 1 -most pollen. dcnl 

Tassel-Spike Lenglh: The length of the spike measured ]5 M ar fc cr * a rca dily detectable phenotype, preferably 

from the base of the top lassel branch lo the tassel tip. inherited in codominanl fashion (both allele's at a locus in a 

Test Weight: The measure of the weight of the grain in diploid helerozvgote arc readily delectable), with no envi- 

pounds for a given volume (bushel) adjusled to 15.5 r0DraCDla i variance component, i.e., heritability of 1. . 

percent moisture. 87D1A4 refers to Ihe corn plant from which seeds having 

Yield: Yield of grain at harvest adjusted to 15.5 percents 20 Aycc Acccssk)n No 203192 WCfC oblaincd> ^ we]| as 

II. OTOER DEFINITIONS plams grown from those seeds 

Allele is any of one or more alternative forms of a gene, Phenotype refers to the detectable characteristics of a cell 

all of which alleles relate to one trait or characteristic. In a or organism, which characteristics are the manifestation of 

diploid cell or organism, the two alleles of a given gene 25 gene expression. 

occupy corresponding loci on a pair of homologous chro- Quantitative Trait Uki (QTL) refer to genetic loo ibal 

control to some degree numerically reprcsenlablc traits that 

mosomes. „ . , _ * r 

Backcrossing is a process in which a breeder repeatedly dually continuously distributed, 

crosses hybrid progeny back to one of tbe parents, for 3Q . ^generation refers to the developmenl of a plant from 

example, a first generation hybrid (F,) with one of the tissii^cullure. 

parental genotypes of ihe Fl hybrid. RFLP £ cnclJC markcr P rofilc rcfcrs lo a P rofi,c of band 

Chromatography is a lechnique wherein a mixture of P at,cms of DNA figment lengths Really separated by 

dissolved substances are bound to a solid support followed a £ a 'ose 8* electrophoresis, after restriction endonudease 

by passing a column of fluid across the solid support and 35 dl gestion of DNA. 

varying the composition of the fluid. The components of the Self-pollination refers to the transfer of pollen from the 

mixture are separated by selective elution. ^ J° ' hc * a of »™ p!«V 

Crossing refers to tbe mating of two parent plants. Sin 6 Ic GcDC Converted (Conversion) Plant refers to plants 

Cross-pollination refers to fertilization by the union of which arc developed by a planl breeding technique called 

two gametes from different plants. backcrossing wherein essentially all of tbe desired morpho- 

Diploid refers to a cell or organism having two sets of lo £ ical and Penological characteristics of an inbred are 

recovered in addition to the single gene transferred into the 

chromosomes. . .... 7 . 

Electrophoresis is a process by which particles suspended »> b ' ed v » ,bc backcrossing techn.que. 

in a fluid are moved under the action of an electrical field, 45 """sue Culture refers to a composition comprising iso- 

and thereby separated according lo their charge and molecu- l" cd « lk ° f « he same 01 a differen < 'H* « a collection of 

lar weight. This method of separation is well known 10 .hose such cclk organized .nto parts of a planl. 

skilled in the art and is typically applied to separating ™<= ™™"g ^jnp\cs are included to demonstrate 

. f rv VTA r . * o preferred embodimenls of the invention. It should be appre- 

various forms of enzymes and of DNA fragments produced ^ fey ^ rf ^ ^ ^ ^ ^ ^ ^JJ^ 

by restriction endonucleases. disclosed in tbe examples thai follow represent techniques 

Emasculate refers lo the removal of plant male sex organs. discovered by tbe inventor to function well in the practice of 

Enzymes are organic catalysts ibal can exist in various , hc invention, and thus can be considered lo constitute 

forms called isozymes. preferred modes for its practice. However, those of skill in 

F, Hybrid refers lo the first generation progeny of the 55 the art should, in light of the present disclosure, appreciate 

cross of two plants. »hM many changes can be made in ihe specific embodiments 

Genetic Complement refers to an aggregate of nucleotide thai are disclosed and still obtain a like or similar result 

sequences, the expression of which sequences defines the of ,bc invcmion - 

phenotype in com plants, or components of plants including CORN PLANT 87DIA4 

„ . 60 In accordance with one aspect of the present invention, 

cells or tissue. (berc fc providcd a novel mbrcd com plaDt> designated 

Genotype refers lo the genetic constitution of a cell or 87D1A4 , nbrcd OT0 plam 87D1A4 * a yc n ow> dcnl 

organism. inbred lhat can be compared to inbred com plants 2FACC, 

Haploid refers to a cell or organism having one set of the 3A2A1, and AQA3, all of which are proprietary inbreds of 

two sets of chromosomes in a diploid. 6 5 DEKALB Genetics Corporation. 87DIA4 differs signifi- 

lso2ymes are one of a number of enzymes which catalyze cantly (at tbe 1%, 5%, or 10% level) from these inbred lines 

tbe same reactions) but differ from each other, e.g., in in several aspects (Table 1, Table 2, and Table 3). 



3/2/05, EAST Version: 2.0,1.4 



5 ; 936,145 



11 



12 



TABLE 1 



COMPARISON OF 87DIA4 WITH 2FACC 





BARREN 


DROP 


EHT 




MST 


PHT 


INBRED 


% 


% 


INCH 


FINAL 


% 


INCH 


87DIA4 


0.3 


0.3 


24.3 


62.4 


37.8 


57.0 


2FACC 


0.4 


0.6 


29.5 


62.0 


23.9 


67.3 


DIFF 


-0.1 


-0.5 


-5.2 


0.4 


-6.3 


-30.1 


# LOC 


15 


13 


8 


15 


34 


8 


P VALUE 


0.88 


0.65 


coo- 


0.84 


ooo- 


o.oo- 



RTL 
% 



SHED 
GDU 



0.2 1363.1 

13 1482.6 

-1.3 -319.5 

14 8 
0.40 o.oo- 



SILK 


STL 


YLD 


GDU 


% 


BU 


1357.3 


8.2 


65.3 


14833 


5.8 


77.4 


-124.4 


2.4 


-323 


8 


33 


13 


o.oo- 


0.36 


0.03- 



Significance levels are indicated as: 

+ « 10 percent, 

• • 5 percent, 

— - 3 percent. 

Legend Abbreviations: 

BARREN % - Banco Plants (percent) 

DROP % - Dropped Ears (percent) 

EHT INCH - Ear Height (inches) 

FINAL • Final Stand 

MST % - Moisture (percent) 

PHT INCH - Plant Height (inches) 

RTL % - Root Lodging (percent) 

SHED GDU - GDUs to Shed 

SILK GDU - GDUS to Silk 

STL % - Stalk Lodging (percent) 

YLD BU - Yield (bushels/acre) 



TABLE 2 

COMPARISON OF 87D1A4 WITH 3A2A1 





BARREN 


DROP 


EHT 




MST 


PHT 


RTL 


SHED 


SILK 


STL 


YLD 


INBRED 


% 


% . 


INCH 


FINAL 


% 


INCH 


% 


GDU 


GDU 


% 


BU 


87DIA4 


0.3 


0.3 


243 


62-4 


17.8 


57.0 


0.2 


1363.1 


3357.3 


8.2 


65.1 


3A2A1 


3.3 


3.6 


23.6 


62.0 


35.9 


58.4 


0.1 


3322.6 


1321.2 


8.4 


41.3 


DIFF 


-0.8 


-1.5 


0.7 


0.4 


3.9 


-1.4 


0.1 


403 


35.9 


-0.2 


24.0 


# LOC 


15 


33 


8 


15 


34 


8 


14 


8 


8 


13 


13 


P VALUE 


0.41 


0.39 


0.66 


0.84 


0.13 


0.48 


0.94 


o.oo— 


0.03- 


0.94 


0.00" 



Significance levels are indicated as: 

♦ - 10 percent, 

• - 5 percent, 
— - 1 percent. 
Legend Abbreviations: 

BARREN % - Barren Plants (percent) 
DROP % - Dropped Ears (percent) 
EHT INCH - Ear Height (inches) 
FINAL - Final Stand 
MST % - Moisture (percent) 
PHT INCH - Plan* Height (inches) 
RTL % - Root Lodging (percent) 
SHED GDU - GDUs to Shed 
SILK GDU - GDUS to Sift 
STL * - Stalk Lodging (percent) 
YLD BU - Yield (bushels/acre) 



TABLE 3 



COMPARISON OF 87D1A4 WITH AOA3 





BARREN 


DROP 


EHT 




MST 


PHT 


RTL 


SHED 


SILK 


STL 


YLD 


INBRED 


% 


% 


INCH 


FINAL 


% 


INCH 


% 


GDU 


GDU 


% 


BU 


87DIA4 


03 


0.3 


243 


62.4 


37.8 


57.0 


0.2 


3 363 J 


3357.3 


8.2 


65.3 


A0A3 


0.4 


03 


255 


6Z7 


14.4 


58.1 


1.0 


3356.2 


3348.6 


35.2 


35.7 


DIFF 


-0.3 


-0.4 


-3.6 


-0.3 


33 


-1.1 


-0.8 


6.9 


83 


-7.0 


29.4 
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TABLE 3-conlimted 









COMPARISON OF 87DIA4 WITH AQA3 










INBRED 


BARREN 


DROP 


EHT . MST PHT RTL 
INCH FINAL % INCH % 


SHED 
GDU 


SILK 
GDU 


STL 
* 


YLD 
BU 


# LOC 

P VALUE 


0.86 


13 
0.72 


8 15 34 8 14 
0.34 0.86 0.00" 0.58 0.56 


8 

0.64 


8 

0.61 


10 

0.03* 


o.oo- - 



Significance levels are indicated a*: 
♦ - 30 percent. 
~ - 5 percent, 

- 3 percent. 
Legend Abbreviations: 
BARREN % - Barren Plants (percent) 
DROP % - Dropped Ean (percent) 
EHT INCH - Ear Height (inches) 
FINAL - Fins! Stand 
MST % - Moisture (percent) 
PHT INCH - Pranl Height (inches) 
RTL % - Root Lodging (percent) 
SHED GDU - GDUs to Shed 
SILK GDU - GDUS to Silk 
STL % - Stalk Lodging (percent) 
YLD BU - Yield (bushels/acre) 



A. ORIGIN AND BREEDING HISTORY 

Inbred plant 87D1 A4 was derived from ihe cross belween 
a line derived from 2FACC and 3AZA1. 

87DIA4 shows uniformity and stability within tbc limits 
of environmental influence for the traits described herein- 
after in Table 4. 87D1A4 has been self-pollinated and 
ear-rowed a sufficient number of generations with careful 
attention paid to uniformity of plant type lo ensure homozy- 
gosity and phenotypic stability. No variant trails have been 
observed or aTC expected in 87D1A4. 

A deposit of 2500 seeds of plant designated 87D1A4 has 
been made with the American Type Culture Collection 
(ATCQ, Rockville Pike, Bethesda, Md. on Sep. 11, 1998. 
Those deposited seeds have been assigned Accession No. 
203192. The deposit was made in accordance with the terms 
and provisions of the Budapest Treaty relating to deposit of 
microorganisms and is made for a term of at least thirty (30) 
years and at least five (05) years after the most recent request 
for the furnishing of a sample of the deposit was received by 
the depository, or for the effective term of the patent, 
whichever is longer, and will be replaced if it becomes 
non-viable during that period. 

Inbred com plants can be reproduced by planting such 
inbred seeds, growing the resulting corn plants under self- 
pollinating or sib-pollinating conditions with adequate iso- 
lation using standard techniques well known to an artisan 
skilled in the agricultural arts. Seeds can be harvested from 
such a plant using standard, well known procedures. 

The origin and breeding history of inbred plant 87D1A4 
can be summarized as follows: 



Summer 1988 The cross 2FACC and AQA3 was made. 
Both inbreds are proprietary to DEKALB Genetics 
Corporation. 

Winter 1988 SO seed was grown (nursery row 67-51). 
Summer 1989 SI seed was grown (nursery rows 4-25 to 
4-38). 

Winter 1989 S2 seed was grown ear-to-row (nursery row 
649-62). 

Summer 3990 S3 seed was grown ear-to-row (nursery 
row 130-15), 

Winter 3990 S4 seed was grown ear-to-row (nursery row 
C23-23). 

Summer 1991 S5 seed was grown ear-to-row (nursery 
row 222-67). 

Summer 1992 S6 seed was grown ear-to-row (nursery 
row 418-56). 

Summer 1993 S7 seed was grown ear- to-row (nursery 
rows 346-32 to 346-39). Seed from all rows was bulked 
to form 87D1A4. 

B. PHENOTYPIC DESCRIPTION 

In accordance with another aspect of the present 
invention, there is provided a corn plant having the physi- 
ological and morphological characteristics of corn plant 
87DIA4. A description of the physiological and morpho- 
logical characteristics of corn plant 87D1A114 is presented 
in Table 4. 



TABLE 4 

MORPHOLOGICAL TRAITS FOR THE 87DIA4 PHENOTYPE 
CHARACTERISTIC 87D1A4 2FACC 3A2A1 AOA3 



1. STALK 

Diameter (width) cm 
Anthocy&nin 
Nodes with Brace 
Roots 

Brace Root Color 
Inlcroodc Direction 



J .9 


2.2 




2.2 


Absent 


Absent 


Absent 


Absent 


1.4 


1.9 


ZO 


3-5 


Red 


Purple 




Green 


Straight 


Straight 


Straight 


Straight 
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TABLE 4-continned 



MORPHOLOGICAL TRAITS FOR THE 87D1A4 PHENOTYPE 



Inicmodc Length cm. 

2. LEAF 
Coloi 
Length cm. 
Width cm. 
Sheath Anlhocyamn 
Sheath Pubescence 
Marginal Waves 
Longitudinal Crease* 

3. TASSEL 
Attitude 
Length cm. 
Spike Length cm. 
Peduncle Length cm 
Branch Number 

A nth ci Color 
Glume Color 
Glume Band 

4. EAR 
Silk Color 
Number Per Stalk 
Position (attitude) 
Length cm. 
Shape 

Diameter cm. 
Weight gm. 
Shank Length cm. 
Husk Brwrl 
Husk Cover cm. 
Husk Opening 
Husk Color Fresh 
Husk Color Dry 
Cob Diameter cm. 
Cob Color 
Shelling Percent 

5. KERNEL 
Row Number 
Number Per row 
Row Direction 

Type 

Cap Color 

Side Color 
Length (depth) mm 
Width mm. 
Thickness 

Weight of 1000K gin 
Endosperm Type 
Endosperm Color 



87D1A4 


2FACC 


3AZA1 


AOA3 


30.2 


32.7 


14.0 


333 


Med Green 


Med Green 


Med Green 


Med Green 


68.0 


73.3 


66.2 


67.9 


10.0 


8.7 


IS 


83 


Weak 


Weak 


Weak 


Absent 


Medium 


Light 


Medium 


Medium 


Few 


Few 


Few 


Few 


Absent 


Absent 


— 


Few 


Compact 


Compact 





Open 


29.5 


26.7 


33.0 


33.0 


19.5 


39.3 


24.4 


23.3 


2.9 


5.2 


3.6 


3.6 




7.7 


3.8 


5.5 


Red 


Pink 


Tan 


Grn- Yellow 


Green 


Green 


Green 


Green 


Absent 


Absent 


Absent 


Absent 


Pink 


Tan 


Grn- Yellow 


Grn- Yellow 


3.3 


3.3 


3.6 


3.4 


Lip right 


Upricbt 


Pendant 


Upright 


1 < A 


33.9 


36.4 


363 


Semi -conical 


Semi-conical 


Semi -conical 


Semi-conical 


* B 

J.B 


4.2 


3.4 


3.6 


99.3 


3363 


89.8 


93.1 


36 * 


34.8 


20.7 


34.9 


Short 


Short 


Short 


Short 


3.4 


6.6 


3.9 


3.2 


Tight 


Intermediate 




Intermediate 




Lt Green 


Green 


Lt Green 


Buff 


Buff 


Buff 


Buff 


2.3 


Z6 


3.7 


2.1 


Red 


Red 


Red 


Red 


85.3 


83.4 


85.8 


85.0 


34.0 


14.7 


323 


35.3 


33.4 


253 


32.2 


33.2 


Curved 


Curved 


Curved 


Curved 


Dent 


Dent 


Dent 


Dent 


Yellow 


Yellow 


Yellow 


Lemon 








Yellow 


Yellow 


Deep Yellow 


■ Orange 


Orange 


30.2 


30.7 


9.2 


9.6 


8.1 


8.3 


73 


7.3 


43 


43 


AJ2 


3.8 


2813 


280.7 


223.8 


373.7 


Normal 


Normal 


Normal 


Normal 


Yellow 


Yellow 


Yellow 


Yellow 



-These are typical v.Iucs. values may vary due lo eovironmenL Other values that are 
substantially equivalent are also within the scope of the invention. Substantially equivalent 
refers lo quantitative trails that when compared do not show statistical differences of theu 
means. 5Q 



IV. ADDITIONAL INBRED CORN PLANTS 

The inbred com planl 171K13 bas been employed with ibe 
corn plant of the present invention in order to produce an 
exemplary hybrid. A description of the physiological and 
morphological characteristics of this com planl is presented 



herein at Table 5. Additional information for this inbred com 
plant is presented in co-pending U.S. patent application Scr. 
No. 08/795,403, filed Feb. 5, 1997, the disclosure of which 
application is specifically incorporated herein by reference. 



TABLE 5 



MORPHOLOGICAL TRAITS FOR 
THE 373 K13 PHENOTYPE 



CHARACTERISTIC 37TXI3 01CS12 03IBH2 3IIH6 



1. STALK 

Diameter (width) Z2 2.4 2.3 

cm. 
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TABLE 5-contimied 



MORPHOLOGICAL TRAITS FOR 
THE ]7]KI3 PHENOTYPE 



CHARACTERISTIC 


371K13 


01CSI2 


01IBH2 


31T.H6 


Anibocyanin 


Absent 


Absent 


Absent 


Absent 


Nodes wun Jorac* 


n o 


1.8 


1.1 


0.7 


Roots 










Grace Root Colot 


Green 


Green 


Green 




Intcmodc Direction 




OWfl IKJil 


Straight 


Stiaight 


Inlemode Length 


ISO 


12.8 


14.4 


33.3 


cm. 
LEAF 










Colo i 


Meo vrrcen 




Med Orccn 


I *J C vl \J I Crt U 


Width cm. 


9-7 


fl o 


8 9 


8.0 


Maiginal Waves 


Few 


Few 


Few 


Few 


TASSEL 










Length cm. 


42.6 


31.2 


33.6 


35.3 


Spike Length cm. 


22.9 


23.2 


23.1 


25.2 


Peduncle Length 


9.6 


3.9 


8.2 


7.6 


cm. 

Branch Number 


9.1 


7.4 


7.8 


32.9 


Anther Color 


Purple 


Gm- Yellow 


Gn»- Yellow 




Glume Color 


Purple 


Green 


Green 


— 


Glume Band 


Present 


Absent 


Absent 


Absent 


EAR 


Pink 


Pink 


— 


Red 


Silk Color 


J.O 


J.O 


1.0 


3.4 


Number Per Stalk 


Upright 


— 


— 


Upright 


Position (attitude) 


34.6 


16.0 


34.6 


35.6 


Length cm. 


Semi-conical 


Semi-conical 


Semi-conical 


Semi-conical 


Shape 


4.0 


3.8 


4.0 


3.9 


Diameter cm. 


1045 


300.6 


303.2 


307.6 


Weight gm. 


10.3 


14.1 


30.3 


9.6 


Shank Length cm. 


Short 


Short 


Short 


Short 


Husk Bract 


6.4 


2.5 


4.4 


3.7 


Husk Cover cm. 


Green 


Green 


Green 


Gtccn 


riubk i_oioi ricsn 


Buff 


Buff 


Buff 


Buff 


Husk Coloi Dry 


2.3 


i4 


2.3 


2.3 


Cob Diametct cm. 


Red 




Red 


Red 


Cob Colox 


87.7 


80.6 


89.0 


83.3 


Shelling Percent 








35.3 


. KERNEL 


14.6 


14.8 


36-3 


Row Number 


32.1 


27.1 


293 


29.7 


Number Per Row 


Curved 


Curved 


Curved 


Curved 


. Row Direction 


Dent 




Dent 




Type 


Yellow 


Yellow 


Yellow 


Yellow 


Cap Color 


Deep Yellow 




Orange 


30.3 


Side Color 


J1.1 


9.4 


30.9 


Length (depth) mm. 


7.8 


8.0 


7.4 


7.8 


Width mm. 


3S 


5.2 


4.4 


4.2 


Thickness 


269.0 


252.4 


233.0 


247,8 


Weight of 3000K 


Normal 


Normal 


Normal 


Normal 


gm. 

Endosperm Type 


Yellow 


Yellow 


Yellow 


Yellow 


Endosperm Color 











•These are typical values. Values may vary due to environment. Other values that are 
.substantially equivalent are also within the scope of the invention. Substantially equivalent 
refers to quantitative traits that when compared do not show statistical differences of their 
means. 



V. SINGLE GENE CONVERSIONS 

When tbc term inbred corn plan! is used in tbe context of 
the present invention, this also includes any single gene 
conversions of that inbred. The term single gene convened 
plant as used herein refers to those corn plants which are 
developed by a plant breeding technique called backer ossing 
wherein essentially all of the desired morphological and 
physiological characteristics of an inbred are recovered in 
addition to the single gene transferred into tbe inbred via the 
backcrossing technique. Backcrossing methods can be used 
with the present invention to improve or introduce a char- 
acteristic into the inbred. Tbe term backcrossing as used 
herein refers to the repeated crossing of a hybrid progeny 
back lo one of the parental corn plants for that inbred. Tbe 
parental corn plant which contributes the gene for the 



desired characteristic is termed the nonrecurrent or donor 
parent. This terminology refers to tbe fact that the nonre- 

55 current parent is used one time in the backer oss protocol and 
therefore does not recur. The parental corn plant lo which the 
gene or genes from the nonrecurrent parent arc transferred is 
known as the recurrent parent as it is used for several rounds 
in the backcrossing protocol (Poehlman & Sleper, 1994; 

60 Fehr, 1987). In a typical backcross protocol, tbe original 
inbred of interest (recurrent parent) is crossed to a second 
inbred (nonrecurrent parent) that carries the single gene of 
interest to be transferred. The resulting progeny from this 
cross are then crossed again to the recurrent parent and the 

65 process is repeated until a corn plant is obtained wbercin 
essentially all of the desired morphological and physiologi- 
cal characteristics of the recurrent parent are recovered in the 
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convened plan!, in addition lo ihc single Iransferred gene 
from ihc nonrecurrent parent . 

The selection of a suitable recurrent parent is an important 
step for a successful backer ossing procedure. The goal of a 
backcross protocol is to alter or substitute a single trait or 5 
characteristic in the original inbred. To accomplish Ibis, a 
single gene of the recurrent inbred is modified or substituted 
with the desired gene from the nonrecurrent parent, while 
retaining essentially all of tbe rest of the desired genetic, and 
therefore the desired physiological and morphological, con- 30 
stitution of the original inbred. The choice of the particular 
nonrecurrent parent will depend on the purpose of the 
backcross, one of the major purposes is. to add some com- 
mercially desirable, agronomically important trail 10 the 
plant. The exact backcrossing protocol will depend on the 15 
characteristic or trait being altered to determine an appro- 
priate testing protocol. Although backcrossing methods are 
simplified when the characteristic being transferred is a 
dominant allele, a recessive allele may also be transferred. In 
this instance it may be necessary to introduce a test of the 20 
progeny lo determine if the desired characteristic has been 
successfully transferred. 

Many single gene traits have been identified that are not 
regularly selected for in the development of a new inbred but 
thai can be improved by backcrossing techniques. Single 25 
gene trails may or may nol be transgenic, examples of these 
traits include but are not limited to, male sterility, waxy 
starch, herbicide resistance, resistance for bacterial, fungal, 
or viral disease, insect resistance, male fertility, enhanced 
nutritional quality, industrial usage, yield stability and yield 30 
enhancement. These genes arc generally inherited through 
the nucleus. Some known exceptions lo this are the genes for 
male sterility, some of which are inherited cytoplasmically, 
but still act as single gene traits. Several of Ibesc single gene 
traits are described in U.S. Ser. No. 07/113,561, filed Aug. 35 
25, 3993, tbe disclosure of which is specifically hereby 
incorporated by reference. 

Direct selection may be applied where tbe single gene acts 
as a dominant trait. An example might be the herbicide 
resistance trait. For this selection process, the progeny of the 40 
initial cross are sprayed with the herbicide prior to the 
backcrossing. The spraying eliminates any plants which do 
not have the desired herbicide resistance characteristic, and 
only those plants which have the herbicide resistance gene 
are used in the subsequent backcross. This process is then 45 
repealed for all additional backcross generations. 

The waxy characteristic is an example of a recessive trait. 
In this example, tbe progeny resulting from the first back- 
cross generation (BCl) must be grown and selfed. A lest is 
then run on ihe selfed seed from tbe BCl plant to determine 50 
which BCl plants carried the recessive gene for the waxy 
trait. In other recessive traits, additional progeny testing, for 
example growing additional generations such as tbe BCl SI 
may be required to determine which plants carTy ihc reces- 
sive gene. 55 
VI. ORIGIN AND BREEDING HISTORY OF AN EXEM- 
PLARY SINGLE GENE CONVERTED PLANT 

85DGD1 MLms is a single gene conversion of 85DGD1 
lo cytoplasmic male sterility. 85DGD1 MLms was derived 
using backcross methods. 85DGD1 (a proprietary inbred of 60 
DEKALB Gene lies Corporation) was used as the recurrent 
parent and MLms, a germplasm source carrying ML cyto- 
plasmic sterility, was used as the nonrecurrent parent. The 
breeding history of the single gene converted inbred 
85DGD1 MLms can be summarized as follows: 65 

Hawaii Nurseries Planting Date Apr. 2, 1992 Made up 
S-O: Female row 585 male row 500 
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Hawaii Nurseries Planting Date Jul. 15, 1992 S-0 was 

grown and plants were backcrosscd limes 85DGD1 

(rows 444' 443) 
Hawaii Nurseries Planting Dale Bulked seed of the BCl 

was grown and Nov. 18, 1992 backcrosscd times 

85DGD1 (rows V3-27 V3-26) 
Hawaii Nurseries Planting Date Apr. 2, 1993 Bulked seed 

of the BC2 was gown and backcrosscd times 85DGD1 

(rows 37' 36) 

Hawaii Nurseries Planting Date Jul. 14, 1993 Bulked seed 
of tbe BC3 was grown and backcrosscd times 85DGD1 
(rows 99' 98) 

Hawaii Nurseries Planting Date Bulked seed of BC4 was 
grown and backcrossed Oct. 28, 1993 limes 85DGD1 
(rows KS-6.T KS-62) 

Summer 1994 A single ear of the BC5 was grown and 
backcrossed times 85DGD1 (MC94-822' MC94-822-7) 

Winter 1994 Bulked seed of the BC6 was grown and 
backcrossed times 85DGD1 (3Q-1' 3Q-2) 

Summer 1995 Seed of the BC7 was bulked and named 
85DGD1 MLms. 
VI). TISSUE CULTURE AND IN VITRO REGENERA- 
TION OF CORN PLANTS 

A further aspect of the invention relates to tissue culture 
of corn plants designated 87D1A4. As used herein, ihe term 
"lissuc culture" indicates a composition comprising isolated 
cells of Ihe same or a different lypc or a collection of such 
cells organized into parts of a plant. Exemplary types of 
tissue cultures are protoplasts, calli, plant clumps, and plant 
cells that are intact in plants or parts of plants, such as 
embryos, pollen, flowers, kernels, ears, cobs, leaves, husks, 
stalks, roots, root lips, anthers, silk and the like. In a 
preferred embodiment, tissue culture is embryos, protoplast, 
meristematic cells, pollen, leaves or anthers. Means for 
preparing and maintaining plant tissue culture are well 
known in the art. By way of example, a tissue culture 
comprising organs such as tassels or anthers, has been used 
to produce regenerated plants. (See, U.S. patent applications 
Ser. No. 07/992,637, filed Dec. 18, 1992 and 07/995,938, 
filed Dec. 21, 1992, now issued as U.S. Pal. No. 5322.789. 
issued Jun. 21, 1994, the disclosures of which are incorpo- 
raied herein by reference). 
VIII. TASSEUANTHER CULTURE 

Tassels contain anthers which in turn enclose 
microspores. Microspores develop into pollen. For anther/ 
microspore culture, if tassels are tbe plant composition., they 
are preferably selected at a stage when tbe microspores are 
uninucleate, that is, include only one, rather than 2 or 3 
nuclei. Methods to determine tie correct siage are well 
known to those killed in tbe art and include mitramycin 
fluorescent staining (Pace ct ah, 1987), trypan blue 
(preferred) and acetocarmine squashing. Tbe mid- 
uninucleate microspore stage bas been found to be the 
developmental stage most responsive to the subsequent 
methods disclosed to ultimately produce plants. 

Although microspore-containing plant organs such as 
tassels can generally be prctrcated at any cold temperature 
below about 25° C, a range of 4 to 25° C. is preferred, and 
a range of 8 lo 14° C. is particularly preferred. Although 
other temperatures yield cmbryoids and regenerated plants, 
cold temperatures produce optimum response rates com- 
pared to pretreatment al temperatures outside tbe preferred 
range. Response rate is measured as either the number of 
embryoids or ibe number of regenerated plants per number 
of microspores initialed in culture. 

Although not required, when tassels arc employed as the 
plant organ, it is generally preferred to sterilize their surface. 
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Following surface sterilization of the lassels, for example, The result of the foregoing steps is tbe preparation ot a 

with a solution of calcium hypochloride, the anthers are relatively pure tissue culture suspension of microspores that 

removed from about 70 to 150 spikelets (small portions of are relatively free of debris. and anther remnants 

the tassels) and placed in a preculiure or pretreatment . To isolate microspores, an isolation media is preferred. An 

me tasseis; anu pjdcxu F r deoendine - solai on media is used to separate microspores from the 

medium. Larger or smaller amounts can be used depending . ^ ^ ^ maimainjn £ thcir vilbffi|y and cmbrv0 . 

on the number ol anthers. fc potential. An illustrative embodiment or an isolation 

When one elects to employ tassels directly, ^ssels are S^I ^ fi m ^ ^ion 

preferably pretreated at a cold temperature for a predefined combinC(j wilh an anlioxidanl such as 50 mg /| of ascorbic 
lime, preferably at 10° C for about 4 days. Afier preireat- acid, 0.1 rhg/1 bioiin and 400 mg/1 of proline, combined with 
ment of a whole tassel at a cold temperature, dissected 10 JQ mg/] Qf nico(jnic acid and 05 mg/] A gN0 3 . In another 
anthers are further pretreated in an environment thai diverts embodiment, the bioiin and proline are omitted, 
microspores from their developmental pathway. The func- ^ j so ] al j on me dia preferably has a higher antioxidant 

tion of the preculture medium is to switch the developmental j evc ) wr) ere used to isolate microspores from a donor plant 
program from one of pollen development that of embryoid/ ( a p ] aDt f roro which a plant composition containing a 
callus development. An embodiment of such an environment 15 microspore is obtained) that is field grown in contrast to 
in the form of a preculture medium includes a sugar alcohol, greenhouse grown. A preferred level of ascorbic acid in an 
for example mannitol or sorbitol, inositol or the like. An isolation medium is from aboul 50 mg/1 to aboul 125 mg/1 
exemplary synergistic combination is the use of mannitol al and, more preferably from about 50 mg/1 lo about 100 mg/1. 
a temperature of aboul 10° C. for a period ranging from One can find particular benefit in employing a support for 

about 10 to 14 da vs. In a preferred embodiment, 3 ml of 0.3 20 the microspores during culturing and subculturing. Any 
M mannitol combined with 50 mg/1 of ascorbic acid, silver support that maintains the cells near the surface can be used, 
nitrate and colchicine is used for incubation of anthers at 10° The microspore suspension is layered onto a support, for 
C for between 10 and 14 days. Another embodiment is to example by pipetting. There are several types of supports 
subsiiiute sorbitol for mannitol. The colchicine produces which are suitable and are within the scope of the invention, 
chromosome doubling al this early stage. The chromosome 25 An illustrative embodiment. of a solid support is a TRAN- 
doubling agent is preferably only present al the preculture SWELL® culture dish. Another embodiment of a solid 

support for development of the microspores is a bilayer plale 
It is believed that tbe mannitol or other similar carbon wherein liquid media is on top of a solid base. Other 
structure or environmental stress induces starvation and embodiments include a mesh or a millipore filter. Preferably, 
functions to force microspores to focus their energies on 30 a solid support is a nylon mesh in the shape of a raft. A raft 
entering developmental stages. The cells are unable to use, is defined as an approximately circular support material 
for example mannitol as a carbon source al this stage. It is which is capable of floating slightly above the bottom of a 
believed that these treatments confuse the cells causing them tissue culture vessel, for example, a peiri dish, of aboul a 60 
to develop as embryoids and plants from microspores. or 100 mm size, although any other laboratory tissue culture 
Dramatic increases in development from these baploid cells, 35 vessel will suffice. In an illustrative embodiment, a raft is 
as high as 25 embryoids in 10* microspores, have resulted aboul 55 mm in diameter. 

from using these methods. Culturing isolated microspores on a solid support, for 

In embodiments where microspores are obtained from example, on a 10 mm pore nylon rafl floating on 2.2 ml ol 
anthers microspores can be released from the anthers into an medium in a 60 mm petri dish, prevents microspores from 
isolation medium followmg tbe mannitol preculture step. 40 sinking into the liquid medium and Ihus avoiding low 
One method of release is by disruption of the anthers, for oxygen tension. These types of cell supports enable the 
example by chopping tbe anthers into pieces with a sharp serial transfer of the nylon raft with its associated 
instrument such as a razor blade, scalpel or Waring blender. microspore/embryoids ultimately to full strength medium 
The resulting mixture of released microspores, anther frag- containing activated charcoal and solidified with, for 
ments and isolation medium are iben passed through a filter 45 example, GELR1TE™ (solidifying agent). The charcoal is 
to separate microspores from anther wall fragments. An believed to absorb toxic wastes and inlcrroedianes. The solid 
embodiment of a filler is a mesh, more specifically, a nylon medium allows embryoids to mature, 
mesh of aboul 112 mm pore size. The filtrate which results The liquid medium passes through Ihe mesh while the 

from filtering the microspore-containing solution is prefer- microspores are retained and supported at ihe medium-air 
ably relatively free of anther fragments, cell walls and other 50 interface. The surface tension of ihe liquid medium in the 
dcbris petri dish causes the raft to float. The liquid is able to pass 

In a preferred embodiment, isolation of microspores is through the mesh: consequently, the microspores slay on 
accomplished at a temperature below about 25° C. and, top. The mesh remains on lop of the total volume of liquid 
preferably al a temperature of less than about 15° C. medium. An advantage of the rafl is to permit diffusion of 
Preferabfy the isolation media, dispersing tool (e.g., razor 55 nutrients to the microspores. Use of a rafl also permits 
blade) funnels, centrifuge lubes and dispersing container transfer of ihe microspores from dish lo dish during subse- 
(c g petri dish) are all maintained at the reduced tempera- quenl subculture with minimal loss, disruption or distur- 
ture during isolation. The use of a precooled dispersing tool bance of the induced embryoids that are developing The 
to isolate maize microspores has been reported (Gafllard el rafls represent an advantage over the multi-welled TRAN- 
a j 1991 x 60 SWELL® plates, which are commercially available from 

Where appropriate and desired, the anther filtrale is then COSTAR, in that tbe commercial plates are expensive, 
washed several times in isolation medium. Tbe purpose of Another disadvantage of ihesc plates is lhat lo achieve the 
Ihe washing and centrifugalion is to eliminate any toxic serial transfer of microspores lo subsequent media, tbe 
compounds which are contained in Ihe non-microsporc part membrane support with cells must be peeled off the insert m 
of ihVfiltratc and arc created by ihe chopping process. The 65 the wells. This procedure does not produce as good a yield 
centrifugalion is usually done at decreasing spin speeds, for nor as efficient transfers, as when a mesh is used as a vehicle 
example, 1000, 750, and finally 500 rpms. for cell transfer. 
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The culture vessels can be further defined as either (1) a the TRANSWELL® membrane or bilayer plates, each one 
bilayer 60 mm petri plate wherein the bottom 2 ml of requiring the movement of developing embryoids to permit 
medium are solidified with 0.7 percent agarose, overlaid further development into physiologically more mature stmc- 
with ] mm of liquid containing the microspores; (2) a nylon tures. 

mesh raft wherein a wafer of nylon is floated on 1.2 ml of 5 In an especially preferred embodiment, microspores are 
medium and 1 ml of isolated microspores is pipetted od top; isolated in an isolation media comprising about 6 percent 
or (3) TRANS WELL® plates wherein isolated microspores maltose, cultured for about two weeks in an embryoiaVcalli 
aje pipetted onto membrane inserts which support the induction medium comprising about 12 percent maltose and 
microspores at the surface of 2 ml of medium. then transferred to a solid medium comprising about 12 

After the microspores have been isolated, tbey are cul- 10 percent sucrose, 
hired in a low strength anther culture medium until about the At the point of transfer of the raft after about two weeks 

50 cell stage when they are subcultured onto an embryoid/ incubation, embryoids exist on a nylon support. The purpose 
calhis maturation medium. Medium is defined at this stage of transferring the raft with the embryoids to a solidified 
as any combination of nutrients that permit the microspores medium after the incubation is to facilitate embryo matura- 
to develop into embryoids or callus. Many examples of 35 tion. Mature embryoids at this point are selected by visual 
suitable embryoid/callus promoting media are well known to inspection indicated by zygotic embryo-like dimensions and 
ihose skilled in the art. These media will typically comprise structures and arc transferred to the shoot initiation medium, 
mineral salts, a carbon source, vitamins, growth regulations. It is preferred that shoots develop before roots, or that shoots 
A solidifying agent is optional. A preferred embodiment of and roots develop concurrently. If roots develop before 
such a media is referred to by the inventor as the "D 20 shoots, plant regeneration can be impaired. To produce 
medium" which typically includes 6N1 salts, AgN0 3 and solidified media, the bottom of a petri dish of approximately 
sucrose or maltose. 100 mm is covered with about 30 ml of 0.2 percent GEL- 

In an illustrative embodiment, 1 ml of isolated RITE™ (solidifying agent) solidified medium. A sequence 
microspores are pipetted onto a 10 mm nylon raft and the of regeneration media are used for whole plant formation 
raft is floated on 1 .2 ml of medium "D", containing sucrose 25 from the embryoids. 

or. preferably maltose. Both calli and embryoids can During the regeneration process, individual embryoids arc 

develop. Calli are undifferentiated aggregates of cells. Type induced to form plantlets. The number of different media in 
I is a relatively compact, organized and slow growing callus. the sequence can vary depending on the specific protocol 
Type 11 is a soft, friable and fast-growing one. Embryoids are used. Finally, a rooting medium is used as a prelude to 
aggregates exhibiting some embryo-like structures. The 30 transplanting to soil. When plantlets reach a height of about 
embryoids are preferred for subsequent steps to regenerating 5 cm, tbey arc then transferred to pots for further growth into 
plants. Culiurc medium M D" is an embodiment of medium flowering plants in a greenhouse by methods well known to 
that follows the isolation medium and replaces it. Medium those skilled in tbe art. 

W D" promotes growth to an embryoid/callus. This medium Plants have been produced from isolated microspore 

comprises 6N1 salts at % the strength of a basic stock 35 cultures by methods disclosed herein, including self- 
solution, (major components) and minor components, plus pollinated plants. The rate of embryoid induction was much 
12 percent sucrose or, preferably 12 percent maltose, 0.1 higher with the synergistic prcculturc treatment consisting of 
mg/1 Bl, 0.5 mg/1 nicotinic acid, 400 mg/1 proline and 03 a combination of stress factors, including a carbon source 
mg/1 silver nitrate. Silver nitrate is believed to act as an which can be capable of inducing starvation, a cold tern- 
inhibitor to the action of ethylene. Multi-cellular structures 40 perature and colchicine, than has previously been reported, 
of approximately 50 cells each generally arise during a An illustrative embodiment of the synergistic combination 
period of 12 days to 3 weeks. Serial transfer after a two week of treatments leading to the dramatically improved response 
incubation period is preferred. rate compared to prior methods, is a temperature of about 

After the petri dish has been incubated for an appropriate 10° C, mannitol as a carbon source, and 0.05 percent 
period of time, preferably two weeks, in the dark at a 45 colchicine. 

predefined temperature, a raft bearing tbe dividing Tbe inclusion of ascorbic acid, an anli-oxidant, in the 

microspores is transferred serially to solid based media isolation medium is preferred for maintaining good 
which promotes embryo maturation. In an illustrative micTospoTe viability. However, there seems to be no advan- 
embodiment, tbe incubation temperature is 30° C. and the tagc to including mineral salts in the isolation medium. The 
mesh raft supporting the embryoids is transferred to a 100 50 osmotic potential of tbe isolation medium was maintained 
mm petri dish containing tbe 6N1-TGR-4P medium, an optimally with about 6 percent sucrose, although a range of 
"anther culture medium." This medium contains 6N1 salts, 2 percent to 12 percent is within the scope of this invention, 
supplemented with 0.1 mg/1 T1BA, 12 percent sugar In an embodiment of the embryoid/callus organizing 
(sucrose, maltose or a combination thereof), 0.5 percent media, mineral salts concentration in IMC Culture Media 
activated' charcoal, 400 mg/1 proline, 0.5 mg/1 B, 05 mg/1 55 M D" is (Vax), the concentration which is used also in anther 
nicotinic acid, and 0.2 percent GELR1TE™ (solidifying culture medium. The 6N1 salts major components have been 
agent) and is capable of promoting the maturation of the modified to remove ammonium nitrogen. Osmotic potential 
embryoids. Higher quality embryoids, that is, embryoids in the culture medium is maintained with about 12 percent 
which exhibit more organized development, such as better sucrose and about 400 mg/1 proline. Silver nitrate {05 mg/1) 
shoot meristcm formation without precocious germination 60 was included in the medium to modify ethylene activity. The 
were typically obtained with the transfer to full strength preculture media is further characterized by having a pH of 
medium compared to those resulting from continuous cul- about 5.7 to 6.0. Silver nitrate and vitamins do not appear to 
lure using only, for example, the isolated microspore culture be crucial to this medium but do improve the efficiency of 
(1MQ Medium "D." The maturation process permits the the response. 

pollen embryoids to develop further in route toward the 65 Whole anther cultures can also be used in the production 
eventual regeneration of plants. Serial transfer occurs to full of monocotyledonous plants from a plant culture system, 
strength solidified 6N1 medium using either the nylon raft, There are some basic similarities of anther culture methods 
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and microspore culture methods with regard to the media 
used. A difference from isolated microspore cultures is that 
undisrupted anthers are cultured, so that a support, eg., a 
nylon mesh support, is not needed. The first step in devel- 
oping the anther cultures is to incubate tassels at a cold 
temperature. A cold temperature is defined as less than about 
25° C. More specifically, the incubation of the tassels is 
preferably performed at about 10° C. A range of 8 to 14 p C. 
is also within the scope of the invention. The anthers are then 
dissected from the tassels, preferably after surface steriliza- 
tion using forceps, and placed on solidified medium. An 
example of such a medium is designated by the inventors as 
6N1-TGR-P4. 

The anthers are then treated with environmental condi- 
tions that area combinations of stresses that are capable of 
diverting microspores from gametogenesis to embryogen- 
esis. It is believed that the stress effect of sugar alcohols in 
the preculture medium, for example, mannilol, is produced 
by inducing starvation at the predefined temperature. In one 
embodiment, the incubation pretreatroeni is for about 14 
days at 10° C. It was found that treating the anthers in 
addition with a carbon structure, an illustrative embodiment 
being a sugar alcohol, preferably, mannitol, produces dra- 
matically higher anther culture response rates as measured 
by the number of eventually regenerated plants, than by 
treatment with either cold treatment or mannilol alone. 
These results are particularly surprising in light of teachings 
that cold is better than mannilol for these purposes, and that 
warmer temperatures interact with mannitol better. 

To incubate the anthers, they are floated on a preculture 
medium which diverts the microspores from gametogenesis, 
preferably on a mannitol carbon structure,, more 
specifically, 0.3 M of mannitol plus 50 mg/1 of ascorbic acid. 
3 ml is about the total amount in a dish, for example, a tissue 
culture dish, more specifically, a 60 mm pctri dish. Anthers 
are isolated from about 120 spikelets for one dish yields 
about 360 anthers. 

Chromosome doubling agents can be used in the precul- 
ture media for anther cultures. Several techniques for dou- 
bling chromosome number (Jensen, 1974; Wan ct al., 1989) 
have been described. Colchicine is one of the doubling 
agents. However, developmental abnormalities arising from 
in vitro cloning are further enhanced by colchicine 
treatments, and previous reports indicated that colchicine is 
toxic to microspores. The addition of colchicine in increas- 
ing concentrations during mannitol pretreatment prior to 
anther culture and microspore culture has achieved 
improved percentages. 

An illustrative embodiment of tbe combination of a 
chromosome doubling agent and preculture medium is one 
which contains colchicine. In a specific embodiment, the 
colchicine level is preferably about 0.05 percent. The 
anthers remain in tbe mannitol preculture medium with the 
additives for about 10 days at 10° C. Anthers are then placed 
on maturation media, for example, that designated 6N1- 
TGR-P4, for 3 to 6 weeks to induce embryoids. If the plants 
are to be regenerated from the embryoids, shoot regeneration 
medium is employed, as in the isolated microspore proce- 
dure described in the previous sections. Other regeneration 
media can be used sequentially to complete regeneration of 
whole plants. 

The anthers arc then exposed to erobryoid/callus promot- 
ing medium, for example, that designated 6N1-TGR-P4 to 
obtain callus or embryoids. The embryoids are recognized 
by identification visually of embryonic-like structures. At 
this stage, the embryoids are transferred serially to a series 
of regeneration media. In an illustrative embodiment, :be 
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shoot initiation medium comprises BAP (6-benzyl- amino- 
purine) and NAA (naphthalene acetic add). Regeneration 
protocols for isolated microspore cultures and anther cul- 
tures arc similar. 
5 IX. OTHER CULTURES AND REGENERATION 

The present invention contemplates a corn plant regener- 
ated from a tissue culture of an inbred (e.g., 87D1A4) or 
hybrid plant (e.g., 4033843) of the present invention. As is 
well known in the art, lissue culture of com can be used for 
30 the in vitro regeneration of a com plant. By way of example, 
a process of lissue culturing and regeneration of corn is 
described in European Patent Application, publication 160, 
390, the disclosure of which is incorporated by reference. 
Com tissue culture procedures are also described in Green & 
15 Rhodes (1982) and Duncan et al., (3985). The study by 
Duncan et al. (1985) indicates that 97 percent of cultured 
plants produced calli capable of regenerating plants. Subse- 
quent studies have shown that both inbrcds and hybrids 
produced 91 percent regenerable calli that produced plants. 
20 Other studies indicate that non-traditional tissues are 
capable of producing somatic embryogenesis and plant 
regeneration. See, e.g., Songstad et al. (1988); Rao ct a). 
(1986); and Conger et al. (1987), the disclosures of which 
are incorporated herein by reference. Regenerable cultures 
25 may be initiated from immature embryos as described in 
PCT publication WO 95/06128, the disclosure of which is 
incorporated herein by reference. 

Briefly, by way of example, lo regenerate a plant of this 
invention, cells are selected following growth in culiurc. 
30 Where employed, cultured cells are preferably grown either 
on solid supports or in the form of liquid suspensions as set 
forth above. In either instance, nutrients are provided to the 
cells in the form of media, and environmental conditions arc 
controlled. There are many types of tissue culture media 
35 comprising amino acids, salts, sugars, hormones and vita- 
mins. Most of the media employed to regenerate inbred and 
hybrid plants have some similar components, the media 
differ in the composition and proportions of their ingredients 
depending on the particular application envisioned. For 
40 example, various cell types usually grow in more than one 
type of media, but exhibit different growth rates and differ- 
ent morphologies, depending on the growth media. In some 
media, cells survive but do not divide. Various types, of 
media suitable for culture of plant cells; have been previously 
45 described and discussed above. 

An exemplary embodiment for culturing recipient corn 
cells in suspension cultures includes using embryogenic 
cells in Type H (Armstrong & Green, 1985; (Gordon-Kamm 
et al., 1990) callus, selecting for small (10 to 30 m) 
50 isodiametric, cytoplasmically dense cells, growing the cells 
in suspension cultures with hormone containing media, 
subcul luring into a progression of media to facilitate devel- 
opment of shoots and roots, and finally, hardening the plant 
and readying it metabolically for growth in soil. 
55 Meristematic cells (i.e., plant cells capable of continual 
cell division and characterized by an undifferentiated cyto- 
logica) appearance, normally found at growing points or 
tissues in plants such as root tips, stem apices, lateral buds, 
etc.) can be cultured. 
60 Embryogenic calli are produced essentially as described 
in PCT Publication WO 95/06128. Specifically, inbred 
plants or plants from hybrids produced from crossing an 
inbred of tbe present invention with another inbred are 
grown to flowering in a greenhouse. Explants from at least 
65 one of the following F a tissues: the immature tassel tissue, 
intercalary meristems and leaf bases, apical meristems, 
immature ears and immature embryos are placed in an 
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initiation medium which contain MS salts, supplemented Corn plants (Zea mays L) can be crossed by either natural 

w h thiamine, agar, and sucrose. Cultures are incubated in or mechanical techniques. Natural pollination occurs in corn 

the dark at about 23* C All culture manipulations and when wind blows pollen from the tassels to the silks that 

selections are performed with the aid of a dissecting micro- protrude from the tops of the incipient ears. Mechanical 

seiecuons arc pci ju _ pollinalion can ^ cffec , e d either by controlling the types of 

^After about 5 lo 7 days, cellular outgrowths are observed pollen that can blow onto the silks or by pollinating by hand, 

from the surface of the explants. After about 7 to 21 days, the In a preferred embodiment, crossing comprises the steps 

outgrowths are subcultured by placing ihem into fresh of: 

medium of the same composition. Some of the intact imma- ( a ) planting in pollinating proximity seeds of a first and a 

ture embryo explants are placed on fresh medium. Several 10 second parent corn plant, and preferably, seeds of a first 

subcultures later (after about 2 to 3 months) enough material inbred corn plant and a second, distinct inbred corn 

is present from explants for subdivision of these embryo- plant; 

genie calli into two or more pieces. (b) cultivating or growing the seeds of the first and second 

Callus pieces from different explants are not mixed. After parent corn plants into plants that bear flowers; 

further growth and subculture (about 6 months after embryo- w ^ emascu ] al i ng flowers of either the first or second 

genie callus initiation), there are usually between 1 and 100 cQrn pUm> j c Ucaling thc flowers so as to 

pieces derived ultimately from each selected explain. During piC vent pollen production, in order to produce an 

this time of culture expansion, a characteristic embryogenic emasculated parent corn plant; 

culture morphology develops as a result of careful selection a j lowin „ nalura ] cross-pollination to occur between 

at each subculture. Any organized ^tmes re^mb hog 20 / ^ ^ m 

Ihe scuielum of the in vivo embryo are seleded. 25 preferably, a hybrid corn plant 

Tte is maintained on agar-solidified MS or No-.ype Parcn.al plants are planted u> pollinating pro5t.rn.ty lo 

media A preferred hormone is 2,4-D. A second preferred each other by planting the parental plants .n alternating 

begone is dicamba. V,sual selection of embryo-like sumc- rows, in blocks or in any other convenient planting patten,. 

fcdoK to obtain subcultures. Transfer of material other Plants of both parental parents are cultivated and allowed to 

ban. ha. displaying embryogenic morphology results in loss 30 grow until the time of Bowenng. Advantageously during 

of "he ability to recover whole plants from .he callus. this growth stage, plants are m general treated w>ih fertilize. 

Cell suspensions arc prepared f.om the calli by selecting and, or other agricultural chemicals as cons.dered appropn- 

cell populations that appear homogeneous macroscopicaUy. ate by the grower , . , .. 

A portion of the friable, rapidly growing embryogenic calli A. the l.me of flowenng, in the event that plant 87D1A4, 

£ Sated into MS or N6 Medium con.aining 2,4-D or 35 is employed as the male parent, the tassels of the other 

dicamba The calli in medium are incubated at about 27' C. parental plan, are removed from all pUoB employed as the 

on a gyrotary shaker in the dark o, in the presence of low female parental plan.. The detassel.ng can be achieved 

hght The resultant suspension culmre is .ransferred about manually bu. also can be done by machme. .f desired. 

on« every Three to seTen days, preferably every three to The plants are then allowed to continue to grow and 

Tour davs bv laking aboul 5 lo 10 ml of .he culture and 40 na.ural ooss-poll.nat.on occurs as a result or the action of 

Educing this inoculum into fresh medium of .he compo- wind, which is normal in .he pollinated of grasses inctad- 
m.rooucing mis imx.u. ^ ^ ^ q{ ^ eroascu)a , 10n of lhe fema | e paren , 

S,, FoVreg C enera,ion, embryos which appear on .he callus plan., all .he pollen from .he male paren, plan. 87DIA4 is 

surface aTe selecleo and regenerated into whole plants by available for pollination because tassels, and .hereby pollen 

uTnsfcrr ng the embryogenic structure, into a sequence of 45 bearing flowering parts, have been previously removed from 

SS media which include decreasing concentrations of all plan,, of .he inbred plan, bemg used as the : female , ■ , he 

* 4-Dorother auxins. Other hormones which can be used in hybridization. Of course dur.ng .b.s bybndnaMB 

Culture media include dicamba, NAA, ABA, BAP, and procedure, the parental vanel.es are grown such that .hey are 

2NCA The reduction is rela.ive to the concentration used isolated f.om o.her corn helds .o minima or prevent my 

fa culture maimenance media. PlantleB are regenera.edfcom 50 accidental con.amina.ion of pollen from foreign sources. 

Ae« embTyos by transfer to a ho.mone-free medium, sub- These isolation techn.ques are well w.tb.n the skill of those 

seouently transferred lo soil, and grown to maturity. skilled in this art. 

Xogeny are produced by laking pollen and selling, back- Both parental inbred plants of corn may be allowed lo 

croS or sibling regenerated plan.s by me,hods well continue .o grow until ma.un.y or the male rows may be 

knownloLse skiUed in the arts. Seeds are collected from 55 destroyed after flowenng^ complete. Only the ears from the 

Known .o inose sju.. parema) pli>n , s ate harvested lo obtain seeds 

X PROCESSES' OF PREPARING CORN PLANTS AND of a novel F, hybrid. The novel F, hybrid seed produced can 

THE CORN PLANTS PRODUCED BY SUCH CROSSES then be planted in a subsequent growing season w.lh the 

^present mvTn.ion also provides a process of preparing desirable characterises ,n terms of F, hybn I airn, Jans 

a novel corn plan, and a corn plan, produced by such a 60 providing improved grain yields and .he other desirable 
process In accordance with such a process, a firs, paren. . ctauclensi.es disclosed here.^be.ng Sieved. 

™fant is crossed with a second parent corn plant wherein Alternatively, m another «^™^^"£"J 

corn piani k. "«* „^ n / mm nlants is the inbred ond parent corn plants can come from the same inbred corn 

t^iS^^SSSJ^^ P- P^E «* designaled 87D.A4. Thns, any 

corn plan. S'""^ in on oen , falioll p hybrid corn 65 corn plan, produced using a process of the present invention 

s^y^iEffiSfi^--^ - fnbred «■ pUDt 87d,a4 - is con,emp,a,ed by lfi ,bis 

££Z^SZ*n* corn plan.. inven.ion. As used here.n, crossing can mean selling. 
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backcrossing crossing lo another oi the same inbred, cross- A seleciion inde* of the mosl commercully important trails 

infio ^iZs, and the like. All corn plants produced is used to help evaluate hybrids. FACT, an acronym for Field 

usinP the present inbred corn plant 87D1A4 as a parent are Analysis Comparison Trial (stnp trials), is an on-tarm test- 

SI scope of this invention. ing program employed by DEKALB Plant Genetics to 

The utility of the inbred plant 87D1A4 also extends to 5 perform the final evaluation of the commercial potential ol 

crosses with other species. Commonly, suitable species will a pro duct. 

be of the family Graminaceae, and especially of the genera During the next several years, a progressive elimination 

Zea, Tripsacum, Coix, Schlerachne, Polytoca, Chionachne, of hybrids occurs based on more detailed evaluation of their 

and Trilobachne, of the tribe Maydeae. Of these, Zea and phenotype. Eventually, strip trials (FACT) are conducted to 
Tripsacum, are most preferred. Potentially suitable for 30 formal i y compare the experimental hybrids being developed 

crosses with 87D1A4 can be the various varieties of grain wi|h othcr hybridSi somc Q f which were previously devel- 

sorghum, Sorghum bicolor (L.) Moench. ope(J and g Cncra )ly are commercially successful. That is, 

A. F, HYBRID CORN PLANT AND SEED PRODUO comparisons of experimental hybrids are made to competi- 

TION tive hvbrids to determine if there was any advantage lo 
Where the inbred com plant 87D1A4 is crossed with i* flulbcr commercial development of the experimental 

another, different, corn inbred, a first generation (F a ) corn hybrids. Examples of such comparisons are presented in 

hybrid plant is produced. Both a F 3 hybrid corn plant and a ^ bcrcinbclow 

seed of that F, hybrid corn plant are contemplated as aspects ^ parcn|al planl 87D1A4 is crossed with 

of the present invention. another inbred planl to yield a hybrid (such as the hybrid 

Inbred 87D1A4 has been used to prepare an F, hybrid corn |hc original inbrcd can ^ t ^ cilhcr lhc mater- 

plant, designated 4033843. na , OI pal c rn al plant. For many crosses, the outcome is the 

Tnc goal of a process of producing , an F hyb d is to P J of ^ assigncd ^ of |hc parcnlal planUv 

manipulate the genetic complement of com to & c ^ ra * ne " However, there is often one of the parental plants that is 

combinations of genes which interact to yield new, or ^ of ^ 

improved traits (phenotypic characteristics). A process of P ^vcuon characteristics. Some plants produce 

producing an F, hybrid typically begins with the Paction £ > P ^ ]c ^ lQ 

of one or more inbred plants Ttae plants are produced by ^ * fa ^ ^ ^ M ^ M 

IC pcated crossing of an«stral^ & affcc| rf ^ MWc cyclc for a pair 0 f 

concentrate certam genes within the inbred P^TTic J characteristics can be preferable 

production of inbred 87D1A4 has been set forth hereinbe- V«™ ^ ^ ^ ^ ^ by onc pUm 0mcf 

fore. ■j-.-„_«f variables can also affeel preferred sexual assignment ol a 

Corn has a diploid phase which means two condmons of umcs 

, gene (two alleles) occupy each locus (position on a V °^J"J^ COMPARlsoN s 

rhromosomel If the alleles are the same at a locus, there is B. ¥, HYBRID CUMKAKis>uro 
SmTe homozygosity. If they are different, there is said 35 As mentioned in Section >V bybnds are progressively 

ot heterozyS. In a completely inbred plant, all loci eliminated following de.arled evaluations of their 

arc tomozTgo^ Because many loci when homozygous are phenotype. including formal comparisons with other com 

deleterTou^e plant, in particular leading to reduced mercially successful hybnds. Stnp trials are used to compare 

Sr^ kemeb. weak and/or poor growth, production of the pbenotypes of hybnds grown in as many environments 

XdSrts fa an unpredictable and arduous process. Under <° as possible. They are performed in man) r environments to 

^e cEom heterozygous advantage a, some loci effec- assess overall performance of the new hybrids and to select 

some c °™^° c "™ » homozygosity optimum growing conditions. Because the com is grown in 

l, ll«^^c^™l$K*ic«* manipu- cfose proximity, environmental factors tha, affect gene 

la, ion by human breeders. Eve^n in the extremely unlikely expression, such as nature. }^^' 

even? inbreeding rather than crossbreeding occurred in natu- « pests, are m.mmized. For a deaaon to be made that a bybnd 

aTcom achfe^mL 0 f complete inbfeeding cannot be is worth making commercially av a.l able, 

expect in nature due lo well known deleterious effects of that the hybrid be better than all other hyb ids. Rather. 

hSygosiw and the large number of generations the plan, significant improvements must be shown in at leas, some, 

wo^d hfve to breed in isolation. The reason for the breeder traits that would create improvements in some nrches. 

Tlate hi ed pUnts is to have a known reservoir of genes ™ Examples of such comparat.ve data are se, forth herein- 

KS!— * * — - riita^^rs 

' \c developmen, of inbred plan* generally requires a, 87D1A4 ^ one parent, versus a selected hybrid of commer- 

least about 5 to 7 Generations of selfing. Inbred plants are cial value (DK442). 

"en cmss-bted in an attempt to develop improved F, » All ,he data in Table 6 represents results across yea^and 

hybrids Hybrids are ,hen screened and evaluated in small loca,.ons for research and/or stnp tnals. The NTEST 

StlKak Typically, about 10 to 15 phenotypic, raits. represent ,he number of - des * M,ed 

selected for iheir poten.ial commercial value, are measured. teste a, locations around ,he United S.a.es. 



TABLE 6 



COMPARATIVE DATA FOR 4033843 


HYBRID 


SI YLD MST STL RTL 
NTEST %C BU PTS % % 


DRP FLSTD 
% %M 


sv 

RAT 
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TABLE 6-contimicd 



COMPARATIVE DATA FOR 4033843 


4033843 
DK44? 

DEV 


R 93 


no J 
99.0 
31.3" 


156.3 
J47.7 
8.6" 


19.9 
19.8 
0.1 


5.2 1-4 0.) 
7.1 5.2 0.1 
-J.9-- -3.8" 0.0 


J 01.0 
100.9 
0.2 


4.1 
4.1 
-0.3 


HYBRID 


NTEST 


ELSTD 
% M 


PHT 
INCH 


EHT 
INCH 


BAR SG TST 
% RAT UBS 


FGDU 


ESTR 
DAYS 


4033843 

DK442 

DEV 


R93 


104.4 
102.9 
13+ 


89.8 
90.2 
-0.4 


40.9 
435 
-3.0" 


5.0 54.2 

3.1 53.4 
3.8" 0.8" 


1214.0 
1251.0 
-36.9" 


94.0 
93.9 
0.1 



Significance levels are indicated as: 
^-10 percent. 
• - 5 percent, 
*• - 3 pcrcenl. 

LEGEND ABBREVIATIONS: 

HYBD - Hybiid 

TEST - Reseaich/FACT 

SI % C - Selection Index (peicenl of check) 

YLD BU - Yield (bushels/acre) 

MST PTS - Moisture 

STL * - Stalk Lodging (percent) 

RTL % - Root Lodging (percent) 

DRP % - Dropped Ears (percent) 

FLSTD % M - Final Stand (percent of test mean) 

SV RAT - Seedling Vigor Rating 

ELSTD % M - Early Stand (percent of test mean) 

PHT INCH - Plant Height (inches) 

EHT INCH - Ear Height (inches) 

BAR * - Barren Plants (percent) 

SG RAT - Slaygreen Rating 

TST LBS - Test Weight (pounds) 

FGDU - GDUs to Shed 

ESTR DAYS - Estimated Relative Maturity 

(days) 



As can be seen in Table 6, ibe hybrid 4033843 has 35 
significantly higher yield wiih comparable moisture content 
when compared to a successful commercial hybrid. Signifi- 
cant differences are also shown in Table 6 for many other 
traits. 

C. PHYSICAL DESCRIPTION OF F, HYBRIDS 
The present invention also provides F, hybrid corn plants 
derived from the corn plant 87D1A4. Physical characteristics 
of exemplary hybrids arc set forth in Table 7, which con- 
cerns 4033843, which has 87D1A4 as one inbred parent. An 
explanation of terms used in Table 7 can be found in the 
Definitions, set forth herein above. 



TABLE 7-continued 



TABLE 7 



MORPHOLOGICAL TRAITS FOR 
THE 4033843 PHENOTYPE 
YEAR OF HATA: 1996 



CHARACTERISTIC 



VALUE 



STALK 

Diameter (width) cm 

Anthocyanin 

Nodes with Brace Roou 

Brace Root Color 

Interoode Direction 

1 nle mode Length cm. 

LEAF 

Color 

Length cm. 

Width cm. 

Sheath Anthocyanin 

Sheath Pubescence 

Marginal Waves 

Longitudinal Creases 



2.6 

Absent 

33 

Red 

Straight 

16.0 

Med Green 

79.9 

10.7 

Absent 

Medium 

Medium 

Few 



40 



45 



50 



55 



60 



65 



MORPHOLOGICAL TRAITS FOR 
THE 4033843 PHENOTYPE 
YFAR OF DATA: 1996 



CHARACTERISTIC 



TASSEL 
Attitude 
Length cm. 
Spike Length cm. 
Peduncle Length cm. 
Branch Number 
Anther Color 
Glume Color 
Glume Band 
EAR 

Silk Color 
Number Per Stalk 
Position (altitude) 
Length cm. 
Shape 

Diameter cm. 
Weight gm. 
Shank Length cm. 
Husk Bract 
Husk Opening 
Husk Color Fresh 
Husk Color Dry 
Cob Diameter cm. 
Cob Color 
Shelling Percent 
KERNEL 
Row Number 
Number Pet row 
Row Direction 
Type 



VALUE 



Compact 

48.1 

27.4 

12.1 

73 

Red 

Purple 

Absent 

Tan 
3.3 

Upright 
20.7 

Semi-conical 

4.7 

222.8 

38.7 

Short 

Open 

Green 

Buff 

2.4 

Red 

88.6 

15.4 
42.6 
. Straight 
Dent 
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MORPHOLOGICAL TRAITS FOR 
THE 4033843 PHENOTYPE 
YEAR OF DATA: 1996 



CHARACTERISTIC 



VALUE 



Cap Color 

Side Coloi 

Length (dcpih) mm. 

Widib mm. 

Thickness 

Weight of 1000X gm. 
Endosperm Type 
Endosperm Color 



Yellow- 
Deep Yellow- 
]2.0 
7.9 
4.] 
307.0 
Normal 
Yellow 



10 



35 



20 



-These arc lypical values. Values mny very due to environment. Other values 
thai arc substantially equivalent aie also within the scope of the invention. 
Substantially equivalent refers to quantitative traits that when compared do 
not show statistical differences of their means. 

XI. GENETIC COMPLEMENTS 

In another aspect, the present invention provides a genetic 
complement of a plant of this invention. In one embodiment, 
therefore, the present invention contemplates an inbred 
genetic complement of the inbred corn plant designated 
87D1A4. In another embodiment, the present invention 
contemplates a hybrid genetic complement formed by the 25 
combination of a baploid genetic complement from 87D1A4 
and another haploid genetic complement. Means for deter- 
mining a genetic complement are well-known in the art. 

As used herein, the phrase "genetic complement" means 
an aggregate of nucleotide sequences, the expression of 30 
which sequences defines the phenotype of a corn plant or a 
cell or tissue of that plant. By way of example, a corn plant 
is genotyped to determine the anay of the inherited marker* 
ii possesses. Markers are alleles at a single locus. They are 
prefcrablv inherited in codominant fashion so that the pres- 35 
ence of both alleles a! a diploid locus is readily delectable, 
and they are free of environmental variation, i.e., their 
heriiabihty is 1. This genotyping is preferably performed on 
at least one generation of the descendant plant for which the 
numerical value of the quantitative trait or trails of interest 40 
are also determined. The array of single locus genotypes is 
expressed as a profile of marker alleles, two at each locus. 
The marker allelic composition of each locus can be either 
homozygous or heterozygous. Homozygosity is a condition 
where both alleles at a locus arc characterized by the same 45 
nucleotide sequence. Heterozygosity refers to different con- 
ditions of the gene at a locus. Markers that are used for 
purposes of this invention include restriction fragment 
length polymorphisms (RFLPs) and isozymes. 

A plant genetic complement can be defined by genetic 50 
marker profiles that can be considered "fingerprints" of a 
genetic complement. For purposes of this invention, markers 
are preferably distributed evenly throughout the genome to 
increase the likelihood they will be near a quantitative trait 
lociiQTL) of interest (e.g., in tomatoes, Helentjaris el al., 55 
U.S. Pat. No. 5,385,835, Nienhuis ct al., 1987). These 
profiles are partial projections of a sample of genes. One of 
the uses of markers in general is to exclude, or alternatively 
include, potential parents as contributing to offspring. 

Phenotypic traits characteristic of the expression of a 60 
genetic complement of this invention arc distinguishable by 
electrophorelic separation of DNA sequences cleaved by 
various restriction endonucleases. Tbose traits (genetic 
markers) are termed RFLPs (restriction fragment length 
polymorphisms). 

Reslriction fragment length polymorphisms (RFLPs) are 
genetic differences detectable by DNA fragment lengths, 



typically revealed by agarose gel electrophoresis, after 
restriction endonuclease digestion of DNA. There are large 
numbers of restriction endonucleases available, character- 
ized by their nucleotide cleavage sites and their source, e.g., 
Eco Rl. Variations in RFLPs result from nucleotide base pair 
differences which alter the cleavage sites of the restriction 
endonucleases, yielding different sized fragments. 

Means for performing RFLP analyses are well known in 
ihe art. Resiriciion fragment length polymorphism analyses 
reported herein were conducted by Linkage Genetics. This 
service is available to the public on a contractual basis. 
Probes were prepared to the fragment sequences, these 
probes being complementary to the sequences thereby being 
capable of hybridizing to them under appropriate conditions 
well known to ihosc filled in the art. These probes were 
labeled with radioactive isotopes or fluorescent dyes for ease 
of deleciion. After the fragments were separated by size, 
they were identified by the probes. Hybridization with a 
unique cloned sequence permits the identification of a 
specific chromosomal region (locus). Because all alleles at 
a locus are delectable, RFLPs arc codominant alleles, 
thereby satisfying a criteria for a genetic marker. They differ 
from some other types of markers, e.g., from isozymes, in 
that they reflect the primary DNA sequence, they arc not 
products of transcription or translation. Furthermore, differ- 
ent RFLP genetic marker profiles result from different arrays 
of restriction endonucleases. 

The RFLP genetic marker profile of each of the parental 
inbreds and exemplary resultant hybrids were determined. 
Because an inbred is essentially homozygous at all relevant 
loci, an inbred should, in almost all cases, have only one 
allele al each locus. In contrast, a diploid genetic marker 
profile of a hybrid should be the sum of those parents, e.g., 
if one inbred parent had the allele A at a particular locus, and 
the other inbred parent had B, the hybrid is AB by inference. 
Subsequent generations of progeny produced by selection 
and breeding are anticipated to be of genotype A, B, or AB 
for that locus position. When the Fl plant is used to produce 
an inbred, the locus should be either A or B for that position. 
Surprisingly, it has been observed that in certain instances, 
novel RFLP genotypes arise during the breeding process. 
For example, a genotype of C is observed at a particular 
locus position from the cross of parental inbreds with A and 
B at that locus. Such a novel RFLP genotype is observed for 
the 87D1A4, at least, for the RFLP markers M5213S and 
M8B2369S, as shown in Table 8. These novel RFLP markers 
further define the 87DIA4 inbred from the parental inbreds 
from which it was derived. An RFLP genetic marker profile 
of 87D1A4 is presented in Table 8. 
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RFLP PROFILE OF 87DIA4 






PROBE/EN2YME 


87D1A4 


2FACC 


3AZAI 


AOA3 


M0264H 


D 


G 


G 


D 


M0306H 


A 


A 




A 


M0445E 


C 


B 


B 


C 


M1120S 


F 




D 


F 


M1234H 


D 


D 


E 


E 


M3236H 


A 


A 




A 


M1238H 


A 


A 


F 


K 


M1401E 


C 


C 


C 


A 


M1406H 


A 




B 


B 


M1447H 


B 


B 


E 


B 


M3B725E 


B 


B 


C 


C 


M2239H 


A 


A 


C 


c 


M2297H 


A 


A 


E 


A 
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RFLP PROFILE OF 87DIA4 



PROBE/ENZYME 87DLA4 2FACC 3AZA1 AQA3 



M2298E 


C 


B 


C 


C 


M2402H 


E 


E 


E 


E 


M3212S 


A 


A 


B 


A 


M3247E 


D 


B 


D 


D 


M3257S 


B 


B 


B 


B 


M3296H 


D 


A 


D 


D 


M3432H 


A 


1 


A 


A 


M3446S 


c 


B 


c 


C 


M3457E 


E 


E 


E 


E 


M4386H 


B 


B 


A 


A 


M4396H 


H 


H 


F 


F 




B 


B 


A 


A 


M4UMC19H 


A 


A 


A 


A 


M4UMC31S 


D 


A 


B 


D 


M5213S 


B 


A 


B 


A 


M5295E 


C 


D 


C 


C 


M5408H 


A 


A 


A 


A 


M5579S 


B 


B 


B 


B 


M5UMC95H 


A 


A 


B 


B 


M6223E 


C 


c 


C 


c 


M6252H 


D 


— 


D 


E 


M62S0H 


E 


E 


A 


A 


M6373E 


A 


E 


A 


A 


M7263E 


A 


C 


A 


A 


M7391H 


c 


C 


A 


A 


M7392S 


C 


c 


B 


C 


M7455H 


A 


A 


C 


C 


M8110S 


C 


C 


C 


C 


M8114E 


B 


B 


E 


E 


M8268H 


B 


B 


B 


B 


M8585H 


A 


A 


A 


A 


M8B2369S 


B 


D 


B 


D 


M8UMC48E 


C 


C 


C 


C 


M9209E 


C 


c 


A 


A 


M9266S 


A 


A 


C 


C 


M9B713S 


A 


A 


B 


B 


M2UMC34H 


D 


D 


D 




M6UMC85H 


A 


A 


A 




M9UMC94H 


E 


E 


B 




M3UM121X 


C 


C 


C 




M0UMC330 


c 


H 







-Probes used to detect RFLPs arc from Linkage Genetics, 1515 West 2200 
South, Suite C Salt Lake Gly, Utab 84119. 



Another aspect of this invention is a plant genetic comple- 
ment characterized by a genetic isozyme typing profile. 
Isozymes are forms of proteins that arc distinguishable, for 
example, on starch gel electrophoresis, usually by charge 
and/or molecular weight. The techniques and nomenclature 
for isozyme analysis are described in, S ruber et al. (1988), 
which is incorporated by reference. 

A standard set of loci can be used as a reference set. 
Comparative analysis of these loci is used to compare the 
purity of hybrid seeds, to assess tbe increased variability in 
hybrids compared to inbreds, and to determine tbe identity 
of seeds, plants, and plant parts. In this respect, an isozyme 
reference set can be used to develop genotypic "finger- 
prints." 

Table 9 lists the identifying numbers of the alleles at 
isozyme loci types, and represents the exemplary genetic 
isozyme typing profile for 87D1A4. 
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TABLE 9 



ISOZYME PROFILE OF 87DIA4 
ISOZYME ALLELE 



20 



LOCUS 


87DIA4 


2FACC 


3AZA1 


AOA3 


Acphl 




7 


4 


4 


Adh) 


A 


A 


4 


4 


Cat3 


9 


9 


9 


9 


Goll 


4 


A 


4 


4 


GoQ 


■ A 


A 


4 


4 


Got3 


4 


A 


4 


4 


Idhl 


A 


A 


4 


4 


Idh2 


6 


6 


6 


b 


Mdhl 


( 


6 


6- 


b 


Mdh2 


5.5 


3.5 


6 


3 


Mdh3 


16 


)6 


16 


16 


Mdb4 


12 


12 


12 


12 


Mdh5 


n 


12 


12 


12 


Pgml 


9 


9 


9 


9 


Pgm2 


A 


4 


4 


4 


6Pgdl 


3.8 


3.S 


3.S 


3.* 


6Pgd2 




5 


5 


5 


Phil 


A 


4 


4 


5 



"Allele is probably a 6, but null cannot be ruled out. 



25 The present invention also contemplates a hybrid genetic 
complement formed by the combination of a haploid genetic, 
complement of the corn plant 87DIA4 with a haploid genetic 
complement of a second corn plant. Means for combining a 
haploid genetic complement from the foregoing inbred with 

30 another haploid genetic complement can be any method 
hereinbefore for producing a hybrid plant from 87D1A4. It 
is also contemplated that a hybrid genetic complement can 
be prepared using in vitro regeneration of a tissue culture of 
a hybrid plant of this invention. 

35 A hybrid genetic complement contained in the seed of a 
hybrid derived from 87D1A4 is a further aspect of this 
invention. Exemplary hybrid genetic complements are the 
genetic complements of the hybrid 4033843. 

Table 10 shows the identifying numbers of the alleles for 

40 the hybrid 4033843, which are exemplary RFLP genetic 
marker profiles for hybrids derived from the inbred of ihe 
present invention. Tabic 10 concerns 4033843, which has 
87D1A4 as one inbred parent. 



TABLE 10 

RFLP PROFILE FOR 4033843 



55 



60 



Probe/Enzyme Combination 


Allelic Paif 


M0264H 


DH 


M03O6H 


AA 


M0445E 


BC 


M1120S 


EF 


M1234H 


AD 


M1238H 


AE 


Ml 401 E 


AC 


M1406H 


AB 


M1447H 


BB 


M1B725E 


BB 


M2239H 


AD 


M2297H 


AC 


M2298E 


CC 


M2402H 


EE 


M3212S 


AC 


M3257S 


AB 


M3296H 


CD 


M3432H 


AA 


M3446S 


CF 


M3457E 


EE 


M4386H 


BD 
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TABLE 10-continued 



RFLP PROFH-F FOR 4033W 



Probe /Eruyme Combination 



Allelic Pail 



M4396E 

M4444H 

M4UMCJ9H 

M4UMC33S 

M5213S 

M5408H 

M6223E 

M6252H 

M6280H 

M6373E 

M7263E 

M739JH 

M7392S 

M7455H 

M8U0S 

M8114E 

M8268H 

M8585H 

M8B2369S 

M8UMC48E 

M9209E 

M9266S 

M9D713S 

M2UMC34H 

M9UMC94H 

M3UM12JX 

MOUMO 30 



HH 

AB 

AA 

AD 

AB 

AA 

BC 

AD 

EG 

AE 

AA 

AC 

AC 

AB 

AC 

BB 

BL 

AB 

BB 

CC 

AC 

AA 

AA 

DF 

EE 

CD 

CC 



]0 



35 



20 



25 



•P,ob« used to delect RFLPs we from Linkage Genetics, 1535 West 2200 
South, Suite C, Salt Lake City, Uub 84339. 

Tht exemplary hybrid genetic complements of hybrid 
4033843 may also be assessed by genetic isozyme typing 
profiles using a standard set of loci as a reference, set, using 
e.g., ihe same, or a different, set of loci to those described 
above. Table 11 lists the identifying numbers of the alleles 
at isozyme loci types and presents the exemplary genetic 
isozyme typing profile for tbe hybrid 4033843, which is an 
exemplary hybrid derived from ihe inbred of the present 
invention. Table 11 concerns 4033843, which has 87D1A4 as 
one inbred parent. 

TABLE 11 



ISOZYME GENOTYPE FOR 
HYBRID 4033843 



LOCUS 



ISOZYME ALLELES 



Acphl 

AdbJ 

Cal3 

Got! 

Got2 

Got3 

Idhl 

Idb2 

MdM 

Mdh2 

Mdh3 

Mdb4 

Mdb5 

Pgm3 

Pgm2 

6-Pgdl 

6-Pgd2 

Phil 



2 
4 
9 
4 
4 
4 
4 
6 
6 

3.5 
16 
12 
12 

9 

4 

3.8 

5 

4 



All of the compositions and methods disclosed and 
claimed herein can be made and executed without undue 65 
experimentation in light of tbe present disclosure. While tbe 
compositions and methods of this invention have been 
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described in terms of the foregoing illusiralivc 
embodiments, it will be apparent to those of skill in the art 

that variations, changes, modifications and alterations may 

be applied to the composition, methods, and in the steps or 
5 in the sequence of steps of the methods described herein, 

without departing, from the true concept, spirit and scope of 

the invention. More specifically, it will be apparent that 
certain agents that are both chemically and physiologically 
related may be substituted for the agents described herein 
while the same or similar results would be achieved. All 
such similar substitutes and modifications apparent to those 
skilled in the art are deemed to be within the spirit, scope and 
concept of the invention as defined by the appended claims. 
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„ ■ a ™- r-,11,,* - Theoretical and Applied 20. The inbred corn plant of claim 18, hav.ng a geneiic 

£S 77 'ggoi^l 989 7 isozyme .ypiog profile in accordance wi,h ,be profile shown 

What is claimed is: * D Tabic 9. 

1 iDbrcd corn seed of tbc com planl designed 87D1A4, 21 jnbred com plant 0 f claim 18, having an RFLP 

a sample of ihc seed of said com plant having been deposited 5 maiker profiJc and , gcnelic isozyme typing profile 

under ATCC Accession No. 203192. i n accordance with the profiles shown in Tables 3 and 9. 

2. The inbred corn seed of claim 1 , further derined as an preparing corn seed, comprising crossing 

essentiaUy homog-eous population of inbred com seed ^ £ Aproc ^ ^ ^ ^ ^ 

d T^e Cd inbred Torn seexi of claim 1, further defined as 3Q wncr ein said first or second corn plant is the inbred com 

JiS^ttZ bybrid seed. plant 87D1A4, a sample of the seed of sard com plant having 

4 An inbred corn plant produced by growing the seed of bccn dcpos i lc d under ATCC Accession No. 2031 92. wherem 

an inbred corn plant designated 87D1A4, a sample of the scc(J Js al]owcd l0 form. 

seed of said corn plant having been deposited under ATCC ^ Jhc prOCCSS of c ] aim 22, further defined as a process 

Accession No. 203192. is G f preparing hybrid com seed, comprising crossing a first 

5. Pollen of the plant of claim 4. inbrcd com p j an| with a sccondt distinct inbred com plant, 

6. An ovule of the planl of claim 4. ^ firsi qj sccond CQrn pJam u |hc ^bred ^ 

7. An essentially ^encous ^ com v Z plant 87D1A4, a sample of the seed of said com plant having 
oes^ » Ln deposited unde^ATCC Accession No. 203192. 
ES ^ defied under ATCC Accession No. 203192. 24. THe process of claim 23, wherem crossing compnses 

8 A com plant having all the physiological and morpbo- lhe s!cps c f: 

logical characteristics of corn plant 87D1 A4, a sample of the ( ^ plan|ing in pollinating proximity seeds of said first and 

seed of said corn plan! having been deposited under ATCC inbrcd com p , anls; 

Accession No. 203192. _ 7S (b) cu i, iV ating the seeds of said first and second inbred 

9. TTie com plant of claim 8. further compnsmg a cyto- W«l ^ plants ^ ^ flowcrs; 

PU lT VS^^S-^ 0f «" « -asculating the male flowers of said first or second 

plaint 87DIA4, wherein the tissue regenerates plants having i^red com plant to produce an emasculated com plant, 

all the physiological and morphological characteristics of 30 ^ allowing cross-pollination to occur between sard first 

corn plant 87D1A4, a sample of the seed of said com plant and second i nbred com plants; and 

having been deposited under ATCC Accession No. 203192. harvesting seeds produced on said emasculated corn 

11. The tissue culture of claim 10, wherein the regenerable I ) 

cells are embryos, meristematic cells, pollen, leaves, ^ The process of claim 24, further comprising growing 

anthers, roots, root tips, silk, flowers kernels, ears, cods, , 5 • , ed ^ c6 lo producc a hybrid com planl. 

S, T3 ^n inbred com plant cell of the com plant of claim 4 2 9. The corn plant of claim 8, further comprising a single 

havinp* £ CDC conversion. 

(zUu RFLP genetic marker profile in accordance with the 30 . The com plant of claim 29, wherein the single gene 

( VrofilSwn in Table 8; or .5 was stably inserted into a corn genome by transf onnano^ 

(Mi genetic isozyme lyping profile in accordance with 3 1. Tlie single gene conversion of the com planl of claim 

Ihc profile shown in Table 9. 29, where the gene is a dominant allele. 

34 The inbrcd com plant cell of claim 13, having an 32 . The single gene conversion of Ihc com plant of claim 

RFLP ccnetic marker profile in accordance with the profile 29> wberc ^ gcDC is a recessive allele, 

shown in Table 8. 50 33. The single gene conversion com planl of claim 29, 

15 The inbred corn planl cell of claim 13, having a whcjc me genc con f crs herbicide resistance, 

genetic isozyme typing profile in accordance with the profile 34 ^ single genc corjV ersion of lhe com plant of claim 

shown in Table 9. 29, where lhe gene confers insect resistance. 

16. The inbrcd com plant cell of claim 13, having an 35 The single gene conversion of the corn planl of claim 
RFLP gcnelic marker profile and a genetic isozyme typing 55 29 wncrc lbc c con fers resistance lo bacterial, fungal, or 
profile in accordance with the profiles shown in Tables 8 and ^ 

9. , ... 36 The single genc conversion of the com plant of claim 

17. The inbrcd com plant cell of claim 13, located within 29 whwin lhc gCDC CODfcrs mak stC riliiy. 

a corn planl or seed. ^ 7 ^ s i n gi c p CD c conversion of lhc com plant of claim 

18. The inbrcd corn plant of claim 4 having: 6 o ^ ^ ^ ^ waxy slafcb 

(a) an RFLP genetic marker profile in accordance wnn me ^ ^ ^ conversion of lhc com plant of claim 
profile shown in Table 8; or ^ whcje ^ gefJC con f crs improved nutritional quality. 

(b) a gcnelic isozyme typing profile in accordance with ^ ^ ^ conversion of the corn planl of claim 
the profile shown in Table 9. w ^ confers enhanced yield stability. 

19 Tbc inbrcd com plant of claim 18, having an RFLP 65 i». wnere m g 

genetic marker profile in accordance with the profile shown . . . • • 
in Table 8. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,936,145 Pa 8 e 1 of 6 

DATED : August 10, 1999 

INVENTOB(S) : Peter J. Bradbury 

H Is certified that error appears in the above-identified patent and that said Letters Patent is hemby 
coneded as shown below: -Par-Fresh Husk The color of the husks 1 to 2 

to col. 5. at lines 46-47. P le* .delete E»F«* ^ substitutc ^refor - 

weeks after pollination scored as Color ^ q £ ^ ^ scored as 

Ear-Fresh Husk Color. The color of the husks 1 

green, red, or purple-. 

ears per plant-. 

the ear shank- lnterooaes. , _ 

SoS' « whi«e, pi* ». *'°7- ^X^cSon m color of *e Amooc 



scored as 
variegated-. 



yellow—. 3 

ono^w^oropac,.-. 
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CERTIFICATE OF CORRECTION 



PATENT NO. 
DATED 
INVENTORS) 



5^36.145 
AugusMO.1999 
Pder J. Bradbury 



Page 



2 of 6 



, c , r « fifi nlease delete "Kernel-Number Per The average number of 
£Si h .23^ tZlTJLm Acefo, -Kernel-Number P„ Row: Ife 
average number of kernels in a single row-. 

Wnl 7 at lines 1-3 please delete ••Kernel-Pericarp The color of the pericarp scored as 
^olnr less red white crown, tan, Color: bronze, brown, light red, cherry red or 
^^^«^^«-Kemd-P«ic«P Color Tbe color of the pcncarp 
S3 af c ororiess, red-white crown, tan. bronze, brown, Ught red, cherry red, or 
variegated-. 

. . 7 a . Un es4-6 please delete "Kernel-Row The direcUon of the kernel rows on the 
In col. 7, at toes j ^ ^ or indistinct (scattered)" and 

scored as straight, slightly curved, spiral, or indistinct (scattered)-. 

i n , v^c in-ll nWe delete "Leaf-Longitudinal A rating of the number of 
In col. 7, at lines 30-33. £^ d ™ 7£ to 2 weeks after poUination. Creases 

A rating of tbe number of longiwdinal creases on the leaf surface 1 to 2 weeks after 
pollination. Creases arc scored as absent, few, or many-. 

In col 7 at lines 34-36, please delete "Leaf-Marginal A rating of the waviness of the 
fSnZl fto 2 weel^s after Waves: poUination. Rated as none, ^. or many an I 
substimtrmerefor -Leaf-Marginal Waves: A rating of tbe waviness of the leaf margm 
1 to 2 weeks after pollination. Rated as none, few, or many-. 
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h *b certfied thai eirocs appear 
shewn betewr. 



n the abo*«Hdenffied patent arx) that sad LsttersPaentishefEb/conECtedas 



In col 7 at lines 40-43, please delete "Leaf-Sheath A rating of the level of anthocyarnn 
\n the leaf sheath 1 to 2 weeks Anthocyanin: after pollination scored as absenU basal- 
weX basal-suong, weak or strong" and substitute therefor -Leaf-Sheath Anthocyanm: 
A Yating of the level of anthocyanin in the leaf sheath 1 to 2 weeks after polhnauon, 
scored as absent, basal-weak, basal-strong, weak or strong-. 

In col 7 at lines 44-46, please delete "Leaf-Sbeatb A rating of the pubescence of the 
Saf sheath Ratings awaken 1 Pubescence: to 2 weeks after polhnauon and scored as 
h^ t rneSum, or heavy" and substitute therefor -Leaf-Sheath Pubescence: A raung of 
daTpXscenc; of the leaf sheath. Ratings are taken 1 to 2 weeks after polhnauon and 
scored as light, medium, or heavy-. 

In col 8 at lines 19-21 , please delete "Stalk-Brace Root The color of the brace roots 
obs^ to 2 weeks Xr pollination Color: as green, red. or purple" and subsutute 
icrefor -Stalk-Brace Root Colon The color of the brace roots observed 1 to 2 weeks 
after pollination as green, red, or purple-. 

In col. 8, at lines 27-29. please delete "Stalk-lnternode The direction of the stalk 
demode observed after pollination as Direction: straight or zigzag and subsutute 
Sor -Stalk-mtemc<leDirection: The direction of the stalk mtemode observed after 
pollination as straight or zigzag-. 
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*e hereby corrected as 



PATENT NO- 
DATED 
NVENTOR(S) 

h s cerifred thai errore appear in tie 
plant—. 

,• «*f> inlease delete Tassel-Branch The average number of primary 
average number of primary tassel branches- 

peduncle, measured from de base ol tne u 8 Length: The average length of 

tassel branch—. 

In col. 13, at line 26, delete "3AZA1" and substitute therefor -AQA3-. 
In col. 14. at line 52, delete "87DIA1 14" and substitute therefor -87DIA4-. 
In col. 30, at line 4, , delete "DEKALB Plant Genetics" and substitute therefor - 
DEKALB Genetics Corporation-. 
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is hereby corrected as 



PATENT NO- 
DATED 
MVEKTOB(S) 

ft is certfel that errors appear h the 
shwnbeJow. 

A-* "A v AR M and ending with Tndosperro 
At col 17, in Table 5 delete all rows under 4. EAK and g 
Color and substitute therefor the following rows - 




Pink 
1.0 

Upright 
14.6 

Semi-conical 

104.9 
10.3 
Sbort 
6.4 

Green 

Buff 

23 

Red 

87.7 



Pink 
1.0 




EAR 

Silk Color 
Number Per Stalk 
Position (attitude) 
Length cm. 
Shape 

Diameter cm. 

Weight gm. 

Shank Length cm. 

Husk Bract 

Husk Cover cm. 

Husk Color Fresh 
Husk Color Dry 
Cob Diameter cm- 
Cob Color 
Shelling Percent 



3/2/05, EAST Version: 2.0.1.4 



PATENT NO. 
DATED 
!NVENTOR(S) 



UNITED STATES PA TE« T^E^K OFBCE 

CERTIFICATE OF CORRECTION 

Page 



6 of 6 



5,936.145 
Augjstiai999 
P^erJ.Bracbury 



Hscertfedltel errors app^ntheabcA^cJentneop^ 
shown bebw. 



KERNEL 

jtow Number 

K timber Per Row 

Row Direction 
Type 
Cap Color 
Side Color 
Length (depth) mm. 
Width rum- 
Thickness 

Weight of 1000K gm. 
Endosperm Type 
Endosperm Color 



14.6 


14.8 


32.1 


27.1 


Curved 


Curved 


Dent 




Yellow 


Yellow 


Deep Yellow 




11.1 


9.4 


7.8 


8.0 


3.9 


5.2 


269.0 


252.4 


Normal 


Normal 


Yellow 


Yellow 



163 

293 

Curved 

Dent 

Yellow 

Orange 

10.9 

7.4 

4.4 

233.0 

Normal 

Yellow 



153 
29.7 
Curved 

Yellow 

10.3 

7.8 

4.2 

247.8 

Normal 

Yellow- 



'Attest: 



Aliening Officer 



Signed and Sealed this 
Twenty-seventh Day of February. 2001 

NICHOLAS P.COD1CI 

*c/»>* Dirrvwf of.hr UnhrJ Sfutcs Pa,rn, v»J IruJcmurkOJJivr 
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